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PREFACE

This book began as a draft of a "guidebook for the development of
state programs” in the area of geographic information processing. It was
commissioned by the Office of Land Use and Water Plamning of the U.S. De-
partment of the Interior. The Director of that Office, Lance Marston,
wanted a work that woild be a comprehensive overview of the subject but
which would make for inderstandable, even enjovable, reading on the part
of state dewision makers from the highest level down.

For many reasons—-the demise of the Cffice of Land Use and Water
Plamning after the failure of the Land Use Policy and Technical Assistance
Act not the least of them—-this work is not appearing under U.S. Government
auspices. That apparent disadvantage turns out to have a positive effect.
The authors had the advantage of having their material reviewed by many,
both outside the government and within, but, in the final version, had
complete control over the contents and the ways of expressing concepts and

- The reader is warned that “federalese is not spoken within.” It is
the authors' conviction that while documents such as this may be written
for a state or a department or the general public, it is clear that states,
departments and the general public, per se, do not read. A person reads!
We have same information to convey; within our ability, we do it in the
rost straightforward and interesting way for that person.

There are many other documents which contain much of the information
herein presented on the subject of spatial information systems and some
which contain a great deal more. In addition to those documents referenced
in this work, readers may want to study the material on "Critical Areas"
and "Information/Data Handling" scon to be available from the Resources and
Land Investigation (RALI) program of the U.S. Geological Survey, Department
of the Interior, Washington, D.C. 20240, A list of these documents and
others aprpears in this book after the References.
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INTRODUCTION

The 70's may be remembered as the time in which the majority of Ameri-.
cans came to the«understanding that the resources available to this country
were limited-~not just in theory but in actuality.: And the early 70's may
well be recorded as the peak standard of living for the century. We see
the end, at the present rate of consumption, of many of our non-renewable
resources; we understand now that we have used land and water in wasteful
and counterproductive ways; and we are faced with the prospect of cleaning
up the results of our careless living and operatlng in the future on a re-
duced and more cautious basis.

It follows that we must begin to make better decisions about develop—
ment, resource allocatlon, land use, and protection of the env1ronment To
deal with any of these issues singly is a monumental task. Dealing with
all of them and their interrelationships, to understate the case, will re-
quire new tools and techniques--in‘ addition to the ne,w attitudes _necessary.

It is the thesis of this work that a tool of prime nuportance 1s a
system which produces not only information about those entities which are
part of our present and future physical world, but also the Zocations of
those entities. The combination of people, methodologies, equipment and
infrastructure which provides such information we call a geographlc infor-
mation system or spatlal mformatlon systam..

Much of the material in tlus work is orlented toward the 1dea that ,
spatial information systems will be developed by governmental organizations
no smaller than states. We lelde our discussion into 51x sectlons, to wit:

Part A--DECISIONMAKIN: AND TTS UNDERPINNINGS: DATA AND INFORMATION DR

Introduces the reader to the concepts of spatial data and the types of
information systems which process these data. This section relates the use
of spatial information systems to the process of decisionmaking.

Part B~-POTENTIAL USES FOR A SPATIAL INFORMATION SYSTEM ~

Provides a context for spatial information systems in terms of decision-~
making for resource management and critical area plamning. This section
suggests the use of such systems to solve many problems confrontlng state,
regional and local governments.

Part C~-THE NEEDS FOR INFORMATION: HOW TO DEI'ERVIINE THEM o
Suggests ways in which states might go about determining their needs,
uses, and sources for information that are based upon spatial data. -

Part D-—INFORMA.'"IO‘I- A PRODUCT _

Discusses the information products which can came from spatial infor-
mation systems. The discussion deals with information from both manual and
automated systems while emphass.zlng the relatlonshlp of information to '
decisionmaking. :



Part E—DATA: RAW “ATERTAL ’ '
Dlscusses the steps required for bulldmg a spatlal data base.
Covered are'data collection and acquisition, data reformating, encoding,
testmg and use in a spatlal information system.

Part F——INGREDIENTS OF A SPATTAL, INFORMATION SYSTEM '

Explores .the processes required to develop information from data and
the nature of the. spatial -informaticn system., This section mcludes con-
sideration of time and monetary requirements; personnel necessary for.
.development - and operation of the system; the major design decisions and

elements; the equipent requlred- and the procedures and programs ‘needed
. for operation. - :

\.*“
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PART A

| Decnsaonmaking and its Underpanmngs :
Data and Informatnon

The farmer's new hired hand was ama21ng, ne'd plowed a.f
.field in qulck time, moved tons of hay, shod a horse in
mlnutes, and gathered crops at amazing speed .

Then one morning it ralned so the farmer gave hlm the.'
" job of sortlng a bushel of potatoes 1nto edlble and seed'.'
-~tYpes. ‘ : '

Mlnutes paused° an hoyr went by. When the hand dldn t
‘come up - forr 1unch,»the farmer went to check on him. “The .

- hand=-with a ' small- plle -of potatoes at each 51de—~sat
dejectedly examlnlng 'a potato.

"My gosh," exclalmed the - farmer,_"you were worklng 50
~well' What happened’"

""Oh“work's no problem," replled the hand sorrowfully._.:
0 "It's the de0151ons that klll ya." S ‘

--'*****

In any decistonmmaking process--whether simple or complex, a

set of fundamental steps is mvolved——znventory, evaluatwn,

: demsv,on. For example, in epossmg a street, one. inventories
by looking and. ligteming for oncoming vehicles; he evaluates
- their spéed; and finally he makes a decision fram a set of
- options resulting from the evaluation (do not. proceed proceed
‘very quicklys or procged at a relaxved pace).

& A X F &

“Every organism takes in information. On the basis’ of that information, .
plus past ‘information, experience and the makeup of the 1nd1v1dual the .
organism reacts. Such reactions sometimes take ‘the form of a conscmus
decision followed by behavior: the expenditure of energy to modlfy the
material world or to J_nltlate a search for new information. -

A person is an organlsm which may operate in this mode of respondlng
to information--information which sametimes comes in very sophisticated .
fo::ms——by deciding to attempt changes 1n her/hls env:Lromnent.

“Some general statements about this phenomenon seem clear. The quallty

- of the decision~-whether or not it will in fact benefit the organism which

made it--and the speed with which it is made depend a great deal on the
familiarity of ‘the form or "code" in which the 1nformatlon occurs and on
the natural clearness of the code. For a person the number of ways infor-
mation can be perceived is astoundingly large..



An aggregate ot interacting people (a group or orgamzatlon) can also be

considered to have many. of the characteristics of an organism--taking in
information, evaluating, making decisions, and behavmg. Many of the
differences between the individual and the aggrégate are simply ones of
quantity rather than kind. We will discuss two of these differences.
“First, the rate at which information is assimilated, understood and used
to produce decisions is slower the larger the aggregate. Second, as the
mumber of individuals in an organization becomes very large (for example,

a state gcsverm\ent) the formats or codes of the information it considers
are fewer in number. For large aggregates, most inputs are written docu-
ments and verbal statements; it does very little direct sensing or examina-
tion of the physical nature of the territory within its sphere of responsi-
bility. For example, a government can't feel that the roads it has built -
are being destroyed by overweight. trucks; it can't see its energy reserves
being depleted; it can't taste cancer-producing substances in its water.

It must get all of this information indirectly. Clearly, the more effec-
tive the mechanisms for conveying the mformatlon, the better the chance
that good decisions will be made. in time.

An organlsm which is cut off from all mformatlon about its environ-
ment will begin to fail to make decisions which are in its best interest
as the environment changes. If the organism has only indirect information
about its environment-—examples for goverrments might be reports and sta-
tistics, i.e., information which has been analyzed, interpreted, and sum~
marized--it may be able to make correct decisions but runs the risk that
‘the environmental condition which is causing stress to bng.n Wlth may
advance to the pomt that the dec:.slon comes too Jate.

These two factors—— (1) the"'slovmess of large systems or organizations
to gather, process and react to information, and (2) a method of operation
which depends heavily on information coded in only a few forms--are part
of the reason we hava begun to face a crisis in our environment and in the
use 'of our natural I280Urces. -

- Decisions

In parucular, the decisions we are oonr‘emed with deal with issues
related to efficient use of our resources——land, water and energy-—so that
they are beneficial to us and we can abide the side effects of their use
now and J_n the time to come

Some individuals or groups, of course, lack the w3_ll to prevent sp011—
ing our envirorment or depleting our resources because of their own short
term gain.. But as a society we also cannot get the correct information .
soon enouch to allow us, with our method of operation, to take corrective
measures. Our decisions will have long term and significant impact. When
we speak of speeding the process of making decisions, we are not suggesting
that there can be instantaneous response to complicated problems; rather,
that decisions of high quality can beé made in reasonable time, sometimes
assuring that the 51tuat10n that the decision concerns will: not have deteri-
orated. .



The concept of a "data base" is now introduced as a first step in

-suggesting that decisions can be Jmproved through the systematic develop-

ment and preséntatlon of J_nformatlon to deal with resource plannlng and
management.. ’ :

Data - Bases
The Concept:

In this discussion, a data base is defined as a collection of discrete

symbols (nurbers, letters, and special characters) located on some physical

medium, arr Anged in.a way so that there is at least one prmc1pa1 under—

. lying organization or §tructure. ‘A’ library card catalogue is a good example,

Here, the underlying structure can be an alphabetlcal list of authors; the
medium is 3 x 5 cards; and the data are the symbols on the cards descr:.bmg
books and their 1ocat10ns in the 1J_brary

- Another -example is a reel of magnetlc computer tape which has recorded
on it the most .common: type of soil found in specified acres of land in a B
county. The tape itself is the physical medium, the codes ass:Lgned toa -
soil type constitute the data, and the location of each acre-—as understOOd‘
from the position of each datum on the tape--could be the underlying -
structure.

Some Propertles

* Scme usually true observatlons about any existing general purpose data
base .are:

.l) It resﬁlts from some sort of project; some individual or team
pstructs 1t—-frequently going to considerable éffort,

2) It needs to be updated (modified and corrected as tlme pro—
B »greeses) if it is to contlnue to be of value.

3) It contains errors Y’egardless of size, care of construction, - |
s:u*\nl.tcw.tj of data, or quallty of phys:tcal medium used.

4) t serves a function’ when allied with some process. The function
© may be as simple as supplying a telephone mumber (structure——
alphabetical by name; medium--cheap hound paper, data—-phone
mmbers, written quite small; process~-looking up a name, finding .
the adjacent number). The function served by the data base might
also be quite sophisticated--supporting far-reaching land use
decisions, for example.

Referenc1ng Schemes: = -
A great many- data bases are currently used for problem solvmg at ‘all

levels of government. ~Access to thése data bases is achieved thmugh the
use of referencing schemes. Some examples:
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Referencing Scheme L .'Ebcarfples of Data Oonta_med
Names‘ofA?eopie ‘tli:t ? Q,_fvSalary, Soc1al Security Vumben, ‘.

: ‘Medical History, Criminal Record -
Auto License Plate Number_ Color, Owner, Serial Number
Street Address L .. House Value, Lot Size
Job Title o Person Evployed, Duties', Salary -
Transaction Number . _ Money Recelved, Pald Transferred,

: : : Invested

Events: . o _ : 1 . SChedules, Orders, CrJ.mes , ACcidents

Most states have extensive and perhaps sophisticated techniques or
systems for storing and manipulating data that can be. referenced by these
and other schemes. One quite useful referencing basis has not been de-"
veloped as extensively, however. It may be known by several names: .
geographic, land, locational, geodetic, or spatial: position. :

' Spatial Data

When location or position is used as a primary referencing basis for
‘data, ,the data involved are known as. spatlal data. For example, the eleva—
tions, in feet, of Clingman's Dome and Newfound Gap in the Great Smoky
Mountains National Park are data. If the primary referencing basis for
these data is the “Great Smoky Mountains National Park," or x miles south
of Gatlmburg, Tennessee, on U.S. 441, or p degrees latitude and g degrees
longitude, then the elevatlons could be referred to as spatial data.

Spatial data, then, are discrete symbols (numbers, letters, or speciai
characters) used to describe same entity; these data are organized accordmg
to the location of that entity in the three dmen51onal world.

Normally, when lt is des:.rable to dec;ch_be thJ_ngs in the real world
by spatial data, the cbjects are abstracted into some geometrical or :
‘mathematical form. For example, the top of a mountain might be represented
by a point, a stream by a set of connected stralght lines, and a lake
boundary by a polygon.

leltlng the Scope

Spatial data (again, facts about the real world organized by locational
coordinates) can be used to describe molecular structures, a human central
nervous system, positions of books in a library or stars in the universe. -

Since the objective of this book relates to decisions about land and resource

management, we now exclude several categories of spatlal data. Spec1flcally
not considered are data which velate to:



1) Conditions which change quickly in time--in a matter of
‘hours, days, or even weeks. Pollution levels, weather,
tides will not be included, although average pollution
at a point, climate, and ranges of tides could be in-
cluded.

2) Objects which move about in space—such as autmrbbiles,
animals or people. However, data about flows of these

objects past a ce.rtaln point at a certain time might
well be included.

3) Circumstances in wh_xch the locational identifier must be
more precise than one meter to insure that the related
data are useful or valid, The smallest distance separat-
ing two adjacent entities that can be distinguished from
one another is called the resolution distance, or, simply,
resolution. If the separation in distance is less than.
the resolution, the data cannot be used to resolve any
difference in the condition or situation. (One meter is,

~'in fact, an optimistic "highest" resolution, probably for
the remainder of this century. The resolution of data

" bases developed for statewide application ranges fram
approximately 100 meters in New York to 800 meters in
Colorado. (Shelton, 1968; and Colorado School of Mines, -
1971)

Spatlal ‘Data Bases

We have discussed data bases in genera_l (a medium containing numbers,
symbols, or graphics organized according to some scheme). And we have .
commented upon the idea of spatial data (data describing entities in the
three dimensional world where the location of the thing being described -
is an integral part of the description). A spatial data base, then, is
a collection of spatial data, organized in such a way that the data: ‘can
be retrieved according to their locational identifiers and, usually,
other ways as well.

Spatlal Data for Envirormental and Resourqe__ Decisionmal<ing

We have said spatial data relate to conditions, facts, and objects in
three-dimensional space. Most spatial data bases which now exist use a .
two-dimensional referencing scheme such as latitude/longitude. The third
coordinate (e.g., altitude) is either included as part of the data (rather
than part of the locational identifier) or is implied by the nature of the
data. For example, if the data describe soil characteristics, one under— .
stands that the top few feet of the earth's crust, regardless of altitude, .
are being described.

Data types which might be part of a state land and resource manage-
ment spatial data base are exemplified by the follow.mg ’



soils . : - types, phy51cal and chemical

. : ‘ "propertles _
vegetation ER ~ species comp051tlon, age
wildlife habitat : -~ types, carrying capacity ‘
hydrology - ground and surface water, . volume,

flows
geology L . . .. = rock types, minerals and ores,

- o C © -physical and chemical properties
physiography ~ - elevaticn, slope, aspect
land use - activity types, structure type
land cover : - types
transportation facilities - types, capacity, schedules,
' ' dmﬁtxm,am

utility distrilwtion systems . - service areas, capacity
historical features and landmarks - importance, conditibn, ownership,

use
census districts : - population, hou51ng, other demo-
' : graphic information
fire districts ' - equipment rating, insurance rating
zip code zones - - delineation of zones
center of employment - types, work hours, muber of em-—

. ployvees, industrial classification
locations of police stations - area of jurisdiction, facilities
pollution sources - types, duration, occurrence
land parcel information - owner name, address, value of land,

value of structures, tax 1nforma—
tion

* This presentation of a list of data types or variables whose data might
be stored in a spatial data base does not imply that satisfactory storage
schemes  are easy to determine, nor that each variable will be stored in the
same manner. Whether the geametric abstraction for a data type is best
selected as a point, line, area or volume can be an important consideration
in a particular storage scheme. :

The development of spatial data bases to be used for analysis and
decisionmaking is both an art and a science. Thus, when any data handling
program is being developed, a key point to remember is that there is no
single best way. (Hoos, 1971; Meltz, 1971; Kusler, 1975)

Inherent Difficulties

There are few spatial data bases around compared to the immense number
of other types in existence in state government and in the private sector.
Despite their powerful organizing structure—-—geographic location——and clear

applicability to our areas of interest, they have not successfully material- '

ized very often. We offer some suggestions as to why.

1) Size. Bn airplane pilot once said that the thing that
kept Air Traffic Control from folding up completely many
years ago in its attempt to keep airplanes from colliding
was that "God packs a lot of airspace in three dimensions.”



2)

3)

4)

Anyone who has worked planning or management related to the

- land knows that He/She also puts a lot of surface area in two

dimenhsions. Thus, any spatial data base used for land and re-
source considerations will either (a) not cover much area, (b)

not include much detail, or (c) be very big. Very big data bases,
regardless of their simplicity, are expensive to build and main-
tain,

Continuous nature of the referencing basis. In most data bases

. the referencing basis--the pointers about which the data base

is organized--are discrete quantities. For example, an auto
license number identifies a particular car; a name or social
security mumber tags an individual person; a house number and
street constitute a pointer to a residence. But spatial pointers
do not enjoy any such autonomy:: They are continuous unless same
artificial s-heme——such as dividing the landscape up into squares
as on a city map--is used to make them discrete. Thus, there is
no natural aid completely satisfying one-for-one correspondence
between spatial locators and the related data. There is an in-
finite amoun: of data potentially available about the real world;
we can store only a small finite part. Thus, by choosing a par-
ticular technique for organizing the continuous into the discrete,

. we are screening out or "throwing away” an infinite amount of po-

tential information. Clearly, it takes some sophistication and
forethought to select a technique to represent the continuous
real world and have a data base which will be useful in solving
the problems of the future.

Continuous nature of the data. In addition to the continuum of
two and three dimensional space just mentioned (i.e., the fact
that our basic referencing scheme potentially has infinitely many
points in it), there are also problems with the continuous nature
of the data themselves. Soil type is probably a good example.
Just as no two snowflakes are exactly alike, no two soils are
exactly alike. Soils must be categorized into groups and a judg-

ment made about vhich group a particular soil belongs to. In

naturally continuous variables, such as elevation, the parallel
issue of precision comes in: do we measure (vertically) to the
nearest meter? To the nearest millimeter?

Abstraction of entities. The simplest reference that can be
made in a spatial data base is to a point. But no material en-
tity is ever just a point. Many of the things we deal with are
either linear features, areas, or volumes so the referencing
scheme bhecomes more camlicated. Where is a house? Well, it's
lots of places when you get right down to it. Do you define it
by its corners in plan view? Do vou select a single point, a
"eentroid,¥ and define the house to exist at that point? Do
you simply say it exists in acre "X", perhaps with many other
hougses? There are many fundamental variations in the ways the
"real world"” is and can be referenced. These varying methods
can be incomatible, precluding any easy transfer of data or
techniques for manipulating data.
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5)

6)

7)

8)

Multitude of existing spatlal coordinate systems. There are
many spatial coordinate systems, Most of those in use for
planning and resource management rely on the use of flat pro-
jections of curved surfaces. Many of the data which will be
used to build a multi-variable spatial data base will come
from data recorded w1th dlstorted and d.:.ssunlla_ methods of
representation. '

Existing but inappropriate data, While it is true that consid-
erable data of the types important to this discussion have been
collected, nany of them are not directly usable in a spatial
data base. This occurs principally because these data, collected
by groups or agencies with specific missions to serve, have been
assembled ir. non-uniform categories or have been interpreted in
a specific nanner for a particular purpose. For example, early
soils data categories may not contain the necessary information

" that will enable measurement of scme environmental effects of

land use activities.

Effort required for development. The data in our base won't de-
velop as a natural consequence of some already ongoing process.
Others are more fortunate. As a clerk processes applications
for auto license tags he/she may type the pertinent information
about the car, owner and tag onto a multi-part carbon form. One
of the copies becomes a part of a data base. Thus, the data base
develops as a result of the tag-selling process which must occur
anyway; all that is needed is an extra copy of the data. Spatial
data bases about the enviromment have not evolved as consequences
of other processes; the work starts almost fram scratch in most
cases.

The enviromment changes. One cannot get an entire spatial data
base of any size developed before part of it is incorrect because
sone of the values in the real world will have changed over time.
Land use is an example of a variable whose data values are chang-
ing somewhere on a daily basis. Even such stable phencmena as
typography change drastically over time. For example, the Miss-—
issippi River was about 1300 miles long when LaSalle floated

down in his cances. When Mark Twain wrote about it 200 years
later, it was less than 1000 miles in length. Not only that,
very little of what was wet in LaSalle’s day was still river

in Twain's. and to further illustrate the futility of any
attampt ‘at a "permanent” spatial data base, Ole Man River has v
moved at least two towns from one state to another by its meand-

erings. The moral is that some data of all variables in a spatial
data base are going to change over time, Same procedure for up-

dating the base must be developed or the value of the base will
be degraded by time.

’
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Further, different variables are of different value to the
analysis and decisionmaking process and, of course, change
~ at different rates. In same cases, the efficient thing to do
.is to note changes as they occur; in other cases replacement
“of all the.data related to a particular variable is in order.,
Bither way, there are difficulties and costs.’

Spatial Data Bases — Maps

From the foregoing.the reader may have inferred that people had to
make their way in the world without benefit of any sort:of spatial data
base to aid them. This is not true at all if we relax the requirement
that a data base be composed of discrete symbols (numbers, letters and.:
special characters). A single map is a spatial data base and, for many
purposes, a very good one.

Almost all of the information used to support land related planning
and management has ccome from maps. Mapmaking is a well developed activ-
ity and, generally, data collecting for mapping improves every year. The
piece of paper on which the map is drawn is a continum which can repre-
sent the quasi-two~dimensional surface of the earth in a more obvious way
than can a set of abstract. symbols. ("A picture is worth a thousand
words.") How many times has each of us been asked--"How do you get to...?"
and responded, "Well, go to the second street on your left... Wait, let
me draw you a map.“

Why, then, should we spend millions of dollars on data bases composed
of discrete symbols when maps are available? Well, if we should (and
there is not universal agreement that we should), the answer is that maps
alone are extremely hard to use in many of the analysis techniques that
resource decisiommaking requires. There are precious few ways to cambine
graphic infomation with other graphic information. Decisions involving -
the space we live in are becoming more difficult all the time because.of.. -
the larger mumber of factors with which we must deal. Techniques such as .
overlaying one map with another and looking through the camposite clearly
have limitations for some applications.

The reason spatial data bases composed of discrete symbols (numbers,
letters, and special characters) offer pramise is that, in the last 25
years we have learned a great deal about handling discrete symbols and we
have developed both techniques and equipment (primarily digital computers)
which can manipulate thée symbols efficiently and quickly. Thus,  an approach
which seems basically less appropriate to the task may in fact serve us
well—-espec:LaLly if some of the information produced by this approach can
be maplike in character. A map is an analog of the landscape and, as such,
has innate advantages in conveying information. (Catanese, 1968; Christen-
sen, 1971; Clark, 1967; Haak, 1967; Hanold, 1972; Parker, 1971; Robinson,
1969) '

Information Systems

This issue of "processing” data in map (analog) vs. symbol (ccmputer)
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form brings us to the matter of processing or handling data in general.
~ The conceptual model we will use is that data are procéssed to produce in-
- formation. Actually, the terms are not absolute because what is informa-
tion to a person filling one role may be data to sameone filling another.
But the idea of a before-after concept, distinguishing the two states as
data and information, turns out to be useful so we employ it. '

An information system in the context of this material is a set of’
steps, or processes, which is executed by a "device" to produce informa-
-tion. We choose to call the symbols which are input to the process by.
two names: data and parameters. "Data" we have discussed along with its:
formlation into bas2s. Parameters we consider to be information which
the user of an informnation system supplies at the time of use of the system.
Such parameters might specify which data in the base are to be used, how - -
they are to be cambined, what the format of the resulting 1nformat.1.on—-or
output=-is to be, and other specifications: and/or constraints.

For an example, a professor may assign a student the task of compiling
a typewritten bibliography of the works of Shakespeare. The data base might
be a library caxd catalogue; the parameters are such descriptive terms as
"bibliography," "Shakespeare," "typewritten,"; the device is the student
"with his eyes, penc:Ll typewriter, etc. who produces the -information.

Following we present a dlagram of an mfonnatlon system in a geheral
nature:

A Garden-Variety Information System

Output -

Inputs Processing I

1

PARAMETERS: . I
Supplied by system user I
to define his particular I
request for information I
|

!

DEVICE: | INFORMATION:. -

To aid human
understanding . .
and decision-making

LEL

Bruipment with capability
to cambine or manipulate .
inputs so they became outputs

DATA BASE:

Data gathered together
over time to support
requests of users




13

Spatlal Infonmuon Systems

Based on the precedlng dlscussmn of spatlal data, data bases, and.
information systems, it is now po:sa.ble td construct an important defini- |
tion: A spatial information system is an information system which has as
its primary source of input a base composed of data referenced by spatial .
(or land, or geographlc) coordinates, The system accepts. parameters, ex— .
amines its data base, and provides information for decisionmaking and re-
source management. In an automated spatlal information system a major. part
of the device which does the process:.ng is an electronic digital computer. ,
Much of the data base it uses is stored on electronic or magnetié tapes
or disks. A manual spatlal—data mfon!atlon system does not involve use
of a computer. o

An Example

For illustrative purposes we present a tr1v1a1 example of a manual,
dlscrete symbol, spatial 1nfonnatlon system.

Suppose the farmer, who opened this part, owns a 100-acre farm and
wants a systematic method to determine how to use each acre. He elects to
use a Keysort* system. First, he inventories each of the 100 acres and
assigns value to each of several variables.

Variable Values
Pasture Yes or No
Steep Yes or No
“*Rocky ' : » Yes or No
Acid Soil Yes or No

Flood Prone Yes or No -

He could now put these data into a spatial data base by writing the
location of each acre on a separate Keysort card and "clipping” the appro-
priate holes corresponding to each variable if the value for the variable

is "yes."

*Keysort--a registered trademark of McBee Systems, a division of Kim-
ball Systems, and known as Unisort and E/Z sort.

Keysort is a manuzal, digital information system. It consists of a set
of identical cards, each of which has holes around its periphery. Each
card might represent an element in some group (e.g., a car in a fleet).
Each hole position in the deck represents a variable which relates to the
elements (car is owned or leased). Any hole in any card may be clipped
out of the card’s periphery so that it forms a groove, thus allowing the
associated variable o take on one of two values. Once the deck is pre-
pared in this way, a slender rod or "needle” may be inserted into a hole
position of the deck and the clipped cards, which the rod cannot retain,
"shaken out"” (owned cars could be separated from rented ones).
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: Now he can process his spatial data baseo If he puts a "needle"
through the. "rocky" variable he can ''shake out" all .the rocky parcels,  In
like mammer he could. separate the flood prone parcels from either the rocky.
or the non-rocky parcels, .He now has a capacity to obtain new information
about his farm--from his Spatial Information System. .Whether he can de-
termine how to better use his farm depends on whether he selected the cor-

rect variables for his inventory, allowed a sufficient mmber of data values

for each variable, collected the data accurately and encoded it properly by
: pmchmg out the correct holes, and processed the deck in a meamngful way.

Notlce that wh:Lle he processes the data--even though the locatlon is
written on each Keysort card--he is not getting a graphic picture of the
results. So to get a. feel for the spatial aspect of 'the results he will
probably have to plot them on a map of his farm. (Brlcker, 1971; Holden,
'1968; Hoos, 1971;. Horwaod 1967)
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PARTB

Potentual Uses for a Spaﬁaaﬂ Enﬁormaﬁaon Sys%em

A rancher whose property was adjacent
to. a railroad track, ‘addréssed his dog

. who had just returned, spent and pantlng,
from chasing a locomotive: ¥Yuh ‘durn
fool, what would yuh have done w1th 1t '

© if yuh'd caught. it?"

. Part A has briefly discussed conceptually how data bases and informa-
tion systems may be fueled by spatially distributed data. This part of
the book describes some of the areas which could realistically beneflt
from having an approprlate spatial information system available.

~To preserve the focus of dlscussmn, we note agam that the reason
to develop and use a spatial~data information system is to provide better
information for decisionmaking. Included under dec1s:LonmakJ_ng are: policy
formulation, planning, and management of a program. These components are
not campletely separable and could be referred to by many other terms.

Arguments for a Centralized Spatial Information System

'We slant our discussion towards the view of states. We see the state
acting in three primary roles in its use of information derived from
spatial data: as a supporter of sub-state region and local decisionmaking
efforts relative to land us€ and other activities; as a responder to fed-
eral incentives and directives in a variety of areas; and as an increasing-
ly active participant in land and water management, enviromnmental protec-
tion, and energy and natural resource concerns. Without doubt, the prob- .
lems a state faces in acting out these roles are J_ntertw;med and compli-
cated to an amazing extent. )

Not only is it difficult to gear up separately for each of the several
activities within each role, it may also be inefficient, because the infor-
mation bases for many of them have a great degree of overiap. For starters,
they all deal with the same space; and cne has only to look at the myriad
of different map formats, styles, and scales to know that many of the
common elements can be disquised if the purposes for whlch they are pro-
duced are independently targeted.

. Another point in favor of a cohesive develcopment of an J_ntegrated data
base is the "other side of the coin" of overlapping responsibility: those
areas where no one has responsibility. For example, at the federal level,
the Department of Agriculture has responsibility for information about the
volume of earth from the surface to five feet under; the Geological Survey
is concerned with the volume from the bedrock down. What about.the volume
in between, when it occurs? Is a more integrated approach warranted?
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Two types of systems relating to land and geographical concerns have
grown up over -the past several years. One, the Geographical Base File
(GBF) , is exémplified by the Bureau of the Census' Dual Independent Map
Encoding (DIME) system. The second, "land information systems," .like the
Canadian Geographic Information System (CGIS), is designed to cover larger
areas of open land. These two types of information systems operate on ..
very different bases, and are not campatible with each other--a significant
prcblem that is just beginning to be solved. . DIME, for example, is very.
much -concefned with already developed areas: Street designations are :
central to-its -spatial locators. Conversely, C5IS deals with. spatial lo- -

cators based on natural rather than man-made elements.. . (Arms, -1968;- Tomlm— _

son, 1967, -and Land“c Directorate, Env:.ronment Canada 19'73)

Incompatibility between these types of systa'ls bec-mes ev1dent where
developed area meets an undeveloped one: +the urban-rural interface. This
is also the area where most system updating occurs. 2s buildings are
erected, the street pattern is modified and supplemented. In addition,
more is learned about the-natural .enviromment-and land use activity changes.
These are also the areas where it is most necessarv to know the impacts of
development. And these are the areas where the designs of existing spatial
information systems simply do not allow them to mesh.

: All levels of government must begin to deal w:Lth; con-flicting demand‘s
of citizens. For example, the desire for an unaltersd natural environment
vs. the need for extraction and processing of resources that provide our
fuels and energy. Presumably, good information, well used, can help us
achieve balance among camplicated, conflicting demands.

Land and Its Use

Diseounting the possibility of sudden catastrophe, the strongest
factor in how things will be tomorrow is how they are today. A plamner
or manacer whe fails to provide himself/herself with information about the
current state and characteristics of the environment Wlll probably misplan
and msmanage. :

Perhaps the most impdrtant variables in a spatial data base are:

1) What now exists on the land (land cover and resources)

2) How the land is employed (land use and human oriented activities)

3) What is legally permitted to happen to the land (zoning and
legal control)

Once the present state of the environment, or the portions of it with
which we are concerned, is recorded in a form amenable to processing, we

,can begin to make decisions sbout its conversions to scme other use. A

patial information system could be useful in dealing with at least three
general categories of issues:

i) Determlnmg the effect a particular activity or land use will have
at a particular location (sometimes called envirommental impact
analysis).
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2) Given a particular act1v1tv, with its characteristics known,

determining a set of locations where it might be placed (some-
times called locational analysis).

3). Given a particular location or site, detemﬁ.ning a set of land
use activities which might well be placed there (sametimes
called site analysis).

We now briefly look at a variety of specific areas in which Spatial -
Information Systems could have an impact. The thrust of presentation is
mostly by example and is far from comprehensive. We hope the reader will
add to and improve our lists. The format we will use, for the most part,
is

(1) Examples of types of spatial (and other) data which might
be stored;

(2) Advantages whlch might accrue by careful use of the data in
(1)

(3) Some federal programs which might be served

An important thing to notice in the following is the degree of overlap‘ '
among variables of different areas of concern,

The Natural Envirorment

Knowledge of the natural envirormental state of the land is central
. to a determination of what should be preserved, what should be enhanced,
what activities could be supported, what impacts are likely to occur fram
given uses, and a host of other questions. The effect of our activities
on. the natural enviromment has changed our mental model of the world——

From This
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This change—the realization of "spaceship earth"--has occurred in the
last decade ¢or two and has had many profound and far-reaching effects. = As
a partial result, many of the first attempts to use spatial information

systems to support decisionmaking have had the storage of natural science
information as their basis.

(One of the referees of this work was asked if the- dlagram above
made sense to him. He replzed, inelegantly but accurately, "of
course, you mean we're living 1n our own toilet.")

Storage of spatial (and other) data about:

Climate

Bedrock
Surficial geology
Physiography
Hydrology

Soils

Vegetative cover
Wildlife habitats

Could help us:

Identify, delineate and manage areas of critical
environmental concern

Analyze land carrying capacity

Write environmental impact statements

, Programs in this area which could benefit from-a spatial information
system include the broad range of state natural resource and land manage-
ment agencies. All these programs rely on analysis of natural resource
data in a spatial context.

Scme related fecderal programs:

HUD "701 Comprehensive Planning Assistance Program”
Appalachian Regional Development Act

Coastal Zone Management Act

Floocd Insurance Program

Rural Development Act

Energy

Energy potentials begin their service for humankind in many forms--oil, -

gas, coal, hydraulic head, wind, tide, sun, fission, fusion--and always
wind up in the same way: heat.

The problems associated with the efficient and useful transfer from
energy potential to heat are myriad; much of the time we throw away large
amounts of energy because it does not serve a particular process, e.d.,
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nuclear power plants discharge vast quantities of heat into rivers to the
detriment of the fish and the impoverishment of humans paving for waning

gas supplies to heat their hames. A spatial information system is not the -
answer to the sensible use of energy but it is a tool which can help reduce .
energy waste. Spatially distributed data on energy sources, energy move-
ments, and energy use of all kinds could lead to a greater understanding

of our wastefulness and how to prevent it; and to energy sources and how

to tap them,

Storage of gpatial (and other) data about:

Potential energy sources
Location
Size
Cost of extraction or tapping
Surroundirg envirorment
Access
Processing capability

Energy distribution systems
Location
Paths
" Capacities
Intermedicte storage facilities
Types of energy conveyed
Degree of hazard

Energy use patterns
Industrial
Residential
Peak usage
Distribution among users by user characteristics

Could lead to information

Allowing analysis ofs
Costs of moving energy
Remaining available energy reserves
Efficiency of different allocation schemes
Waste
Heat pollution

Delineating:
Areas of danger tc humans
“Envirommental impact
For developing:
New distribution lines
Resource allocation schemes
Some related federal programs:

Pending Federal Energy ILegislation



Humah Resources

It is for peoéle that we operate our governments. It is primarily
people who use the land, the energy, the resources, and it is, in part,
people who feel the effects of its ill use.

The vast amount of data about people is not stored in spatlal form for
several reasons:

1) They move around--day to day and year to year
' 2) We protect their privacy to a certain extent

3} The techniques for storlng spatial data have not been well
developed.

But the storage of information about human resources and conditions in
a spatial context offers two major advantages:

1) It allows us to deal in a very direct manner with our primary con-
‘cern: humankind, anc

2) Many sets of data have been developed, largely by the Bureau of

the Census in such a way as to pemit relatively easy loading into a spatial

data base, even though--for reasons of privacy and reasons related to the
mission of the census--the "grain" of such two dimensional information
storage is very coarse for most applications.

Storage of spatial (and other) data about humans:

Where they live

How much they consume

How much they earn

How old they are

What they discard

Where they play

What crimes they suffer

What mishaps befall them

What facilities are available for their employment,
shopping, learning

Could lead to information

To plan for:
Mass transit
Recreation areas
Police unit allocation
Pupil assignment

To analyze:
Migration patterns
Population growth
Crime patterns
Welfare needs
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To manage:
Publlc and goverrment services

Sane related fedexal pmgrams

Human Resources : o
Title I, Elementary and Secondary Educatlon Act

National Health Planning and Resource Development Act, 1974
Public Assistance Programs -
Housing and Cammunity Development Act, 1974
Housing Assistance Plans
" Revenue Sharing
Cammunity Development Block Grants

Areas of Critical Envirommental Concern

Areas of critical environmental concern are those geographic areas
which are important to the needs of man. Not only do they perform func-
tions related to the health, safety, and welfare of the general public,
but they may also serve econamic and educational needs as well. Areas
become of critical environmental concern when natural résources become
scarce or are threatened through the actions of man, or when the areas
thevselves present a threat to the human populatlon.

Storage of gpatial (and other) data about:

Agricultural lands
Natural and scenic resources
Soils
Aquifers

. Geology and geologic hazards
Wildlife habitats
Vegetation
Floodplains
Wetlands
Scientific areas
Wild and scenic rivers
Cultural activities
Transportation networks

Could lead to information

To facilitate:
Identification of unique resocurces
Management of designated areas
Determining relative importance of kinds of resources

Same related federal programs

Wild and Scenic Rivers Act
Coastal Zone Management Act
Clean Air Act
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Water

4
Water is the most important resource to the functions of natural en-
virormental processes and human activities. It is-a dynamic resource--its
movement, both as surface water and ground ‘water, creates a very broad
management problem. Through information in the spatial context we can
better analyze and manage our water resources.

Storage of spatial (and other) data about:

Natural bodies of water
Supplies

Use patterns
Recreation needs
- Climate

Water sheds

Elevations

Industrial locations
Settlement locations

Could lead to information about
Floodplains .
Availability of clean water
Irrigation
Pollution (potential and existing)
Same related federal programs _
Water Pollution Control Act - Sections 201 208, 303 (e)
Federal Flood Insurance Program
Wild and Scenic Rivers Act

Natural Resources

, Natural resources are both finite and necessary for the survival of
man and the maintenance of a quality of life. Same natural resources are
renewable with proper management while others will simply run out. A con-

tinuing supply of information will be needed for a proper evaluatlon of how .

we should use our resources wisely.
Storage of spatial (and other) daté abouts

Forests

Mineral sources
Energy sources :
Rivers, streams, lakes
Wildlife and fish
Agriculture

Harbors

Geology
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Could lead to information

To facilitate:.
Timber management
Preservation of agricultural land
Conservation of energy resources
Wildlife management
Market analysis
Resource allocation
Resource extraction
‘Resource policy
Recycling .

- Resource ut:Ll:Lzat:Lon
- Same related federal proqrams

Rural Development Act .
Appalachian Regional Development
. Coastal Zone Management Act
Strip Mining Legislation.
Price Controls on Interstate Commerce
DOI Bureau of Land Management Programs
.DOI Fish and Wildlife Programs

Agriculture

The production of food has received increasing attention with a grow-

ing world population and shrinking agricultural productive lands. Demands

for grain and other crops has increased tremendously as the United States
has drawn closer to the world marketplace. The need for good agricultural
management becames more obvious as we try to meet the needs of others. -
Data demands will also increase as we seek solutions to this growing
problem.. - - - : ' : :

Storage of spatial (and other) data about :

Land conversmn
Soils

Geology

Crop product1v1ty
Climate

Hydrology, water supply
Irrigation

Erosion

Crop disease, blight
Insect control
Pesticides
Fertilizers

Could lead to information '

To facilitate:
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Crop management

Protection of agrlcultural 1ands
Conservation practices o
Prime agrlcultural land pollcy and management

Same related federal programs
Rural Develogment Act
Several USDA Programs
Farmers Home Admihistration Programs
EPA Water Pollution Control Act

Crime Prevention; Law Enforceme‘nt; Criminal Justice -

The Criminal Justice System has many potential applications for -
spatial data; to assist the system in predicting likely points of criminal
activity; to enable efficient allocation of resources through systematic
identification of locations warranting increased manpower, analysis, or
resource allocation. Although spatial data are routinely collected by law
enforcement agencies, frequently it is done in a non-uniform manner that
lacks sufficient precision to be tactically useful or to enable ready com- .
parisons of location information from Qccurrence to occurrence.

The 1973 report of the Natlonal Adv;Lsory Commission on Criminal
Justice. Standards and Goals called for development in "medium and large

- cities":of a "...computerized geographical coding system..." The Commuission

noted that such data could be useful. for:patrol allocation and investigative

purposes. Another example of spatial data use in law enforcement is in

establishing precise location of traffic crashes. The Federal Highway

Administration's Highway Safety Program Standard 4.4.9 calls for "a pro-

- cedure for accurate identification of accident locations on all roads

and streets" in connection with a "systematically organized program" to:
"maintain continuing surveillance of the roadway network for potentially

high accident locations,™

1f spatial data systems or methods were instituted in every juris-
diction that enabled identification, with sufficient particularity, of loca-
tions of criminal occurrences, particular premises with a history of re-
peated criminal attack could be singled out for target hardenmg attent:.on
as well as for tactical patrol attention.

Storage of spatial (and other) data about crime:

Where (specifically) crimes occur
Where stolen property is recovered
Where arrests are made

Where high risk businesses are located
Where arrestees live, were schooled
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To plan frrg :

Selection of sites or premises for target hardering attention

Procedurss for establishing risk ratings for particular loca--
ticns o ,

Ta~tical (as opposed to strategic’ patrol allocation

Selertion of particular locations for detajled crime preven-
t.on analysis

Crime pattermn recognition

Selerticn of arwas or schools fnr dellnquency prevention
atteﬁtlon .

Some related federal programs
Law EnForcement Assistance Administration Programs .
Crime Control Act, 1973
Omnlbus Crime Control and Safe Streets Act

C1v1l Defense :

Civil Defense has been eztablished to respcnd,tc the need for ndtural
or human~caused disaster or one caused by war. As such, civil defense "
plans for both short-term and long-term aid to commmnities across the nation.

Storage of spatial (and othér) data about: -

Porulation distribution
Sources cf food

Geologic activity (earthquakes)
Transpertation '
Militexy installations

Public facilities

Medical facilities

Rescue equipment

Could lead to information

To facilitate:
Alternative disaster relief plans
Need for stockpiling of foods and medical suppllas
Evacuation plans
Proper designation of disaster relief areas’

Commumnications

Communications represent the way in which man stays in touch with
occurrances around him and through which he transmits information. The
physical requirements of communication systems have considerable impact
on the natural environment. In order to maintain harmony between the two,
information on spatial data must be kept before the decisionmakers.
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Storage of spatial (and other) data related to: .

Camfmmication stations
Population
. Geography
. Power - sources
Current events
Technical 1nformat10n -

Could lead to information
To facilitate: _
Siting of transmission lines
Location of equipment
Education

Transportation

The movement of people and materials for economic, social, and recrea-

tional reasons requires consideration of spatial data. Analysis is required

~on levels ranging from small scale local transport to the natlonal and
global scale.

Storage of spatlal (and other) data about: '

Highways, roads, interchanges, etc.
Rapid transit

Airports

Seaports

Railrcads

Origins and destinations of travelers
Population shifts

Centers of employment

Commercial traffic

Could lead to information

To fa01l.,.tate°
Alternative transportation olans
Iocational analysis
Mass transit
Energy conservation

Scme related federal programs and agencies

Federal Ralrroad Administration

National Highway Traffic Safety Administration
Office of Pipeline Safety Administration
.-Highway Beautification Act

Federal Aviation Administration

. Urban Mass Transit Act.

‘Emergency Medical® Qerv1ces Act

Highway Safety Act
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. A Comon Format for Data

As the reader will have observed, same of the items mentiored under .

‘the heading "Storage of Spatial (and Other) Data About" were repeated;

many more cnould have been but were not simply for space reasons. This
suggests the obvious: many of the problems our governments face in serv-
ing the people of cur socity are interrelated and have need of the same
basic data. A well-thought-out, well-constructed spatial data base, made
flexible so that different kinds of data might be insertsd and analyzed as
the needs arise, coild provide a powerful tool for making good and timely

- decisions In a wide variety of areas.

Probably of greatest importance to state govermment in this area is
to avoid the develcpment of a number of incompatible spatial data bases -
for special purposes. An advantage of svmbol oriented (digital) spatial
data bases (amid, of course, some disadvantages), over necessarily separate
graphic data bases, is the automatic processing capability which allows ..
their manipulation and handling. It is easy, lowever, to throw this ad-
vantage overboard by constructing separate digital data bases in such a
way as to deny their use on a variety of problems.

(Environmental Systems Research Institute, l974> Department of Regional
Economic Expansion, 1970; Fry, 1967; Xusler, etal., 1975 and Meyers,
Durfee, and Tucker, 1974)
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PART C

The Needs Edr_ Information: How to

Determine Them

Question: What do you want?

Retort:: What do you have?

Vo
(§hNeeds P | L

Tt is popular to say that one must first determine what the require-~
ments for data and information are before an attempt is made to provide a
capability to make good decisions. This implies a two-step process: de-
termine needs, build capabili

It is not so 51mpie. Often people cannot articulate their needs be—
cause they have little idea what is p0551ble. And. once they know what 1is
possible, and begin to use it, a new need is generated.

The lesson:
There is no neat, straightforward procedure for determihing data needs.

The process continually cycles between a recognltlon of what is needed and -
what is possible.

Inventorying Data Sources and Uses

Before trying to identify what data are required for better decision~
making it is vital to find out what data exist and the uses they are put to.
Given an organization the size of a state govermment, this is cuite a task,
even if it pales in comparison with the task of determining needs and re-
quirements. To determine existing sources and uses of existing spatial data
one should first define spatial data in a broad form for those potential
respondents to spatial data survey. One state evolved the following defini-
tion prior to a survey of spatial data sources and uses.



DEFINITION OF SPATYAL DATA -

For purposes of the study by the Spatial Data Task Force the following
definition, amplified by the discussion below, is Jused.

Spatial data are any symbols, graphics, or- 1nformatlo o
residing on some physical medium or device--which are
_assoc1ated with a geographlc or posrclon locator.

Spatlal data, then, are any data which are referenced by their location

in space. Some important classes of spatial data are:

o Maps. A map usually depicts conditions, either of the environment
~or of a human population, with reference to points, lines, or areas

of the earth's surface.

o Saome photographlc materials wh:Lch can be related to Spélelc geo-

graphic areas.

o Files of information which contalh spatial locetors. Such files
might be handwrltten, printed, computer written or computer read-

able.

In identifving any set of spatial data three elements are essential: .
(1) the data, (2) the physical medium on which they are reoorded and (3)

the spatial Zocator.

Some examples of each of these follow:

Data (examples)

slope of the earth's surface
incidence of crimes

location of state office faCJ_lltles
historic markers

average household income
points of employment

flood plains

average pollution levels
natural gas usage ,

. 1land use and land cover
disappearances of persons
electrical transmission line corridors
traffic flow averages
employee work stations
property values

student enrcllments

core drillings

wells

broadcasting stations

soil types :
slide-prone areas

“'Spatial Locators (examples)

names (of towns, counties, schools,

any entity of known physical '

location)

. geographic coordinates (latitude-

longitude, state plane coord-
-inates, Carter coordmates,

‘ etc.)

street addresses

mile stations (highway, river)

districts (census, school, voting,

fire, etc.)

" Physical Media (examples)

paper (maps, charts, tables, card
files) :

photographic film (aerial photog-
raphy)

camputer readable tapes, cards or
disks

cathode ray display tubes

scale models
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Once those upon whom the survey depends understand what is meant by

spatial data, questions like the following are likely to. get reasonable
answers provided, of course, there is sufficient backing from govermmental
administration to insure that time is devoted to the survey work.

1)

2)

3)
4)

5)
6)

7)

8)

9

Does your agency buy or othpmlse obtain, pu‘hllshed soatlal data or

information? If yes, identify each document, series, or file: title,

common usage title, pertinent dates, descripticn, frequency of amqui-

sition, cost of acquisition, aerial coverage, scale, resoclution, lo-

cator or coordinate system, medium of storaqe, format, etc.

Dons your agency collect spatial data of any sort? If yes, identify
and describe as in 1) above. To what extent are such data available

to others? ' -

Does your agency publish, distribute, or transmit spatial ,data?

Doés your agency publish research reports based on spatial data?

Dces your agency process (update, revise, summarize, record, compare

or extract information from) spatial data? Describe.

Does your agency possess Or use any spe‘cia.l' equipment (digitizers,
plotters, photo-based equimment) for processinog spatial data?

Does your agency use computer programs to process spatial data?
Indicate purpose of program, machine used, and other appropriate
.Lnformatlon.

Does your agency get requests for spatial data (or information derived
fram such data) from cther state agencies, federal agencies, the public,
the private sector, the press? Please attach a list generally classify-
ing the requests and how they are serviced.

Does your agency supply spatial data or information to other agencies,

persons, or entities because of statute, administrative order, remuner-
ation, or for cther reasons? Please describe (or reference answers to

previous questions).

an expansion of the skeletal questionnaire above, if good response

can be obtained, will probably serve as the basis for (a) a good picture

of the sources and uses of spatial data among the respondents, and (b) a
contact network of those in the government who are concerned with the work
with spatial information. The importance of this contact network cannot be
overemphas:Lz==d in the next step: determining needs for new spatial informa--
tion to improve decisiommaking or to make existing efforts more cost effec—

tive.
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Assessinq. Needs

4

As indicated by previous sections of this book a data base composed
of spatial data could be useful in many applications.. While the develop-
ment of a generalized data base having cammon formats and uniform data
retrieval techniques may be a worthy goal, this type of camprehensive
system cannot be developed all at once. Certain issues may be given high
prlorlty over others whlch do not requlre umnedlate action.

How, then, does a state decide which issues and programs should bene-
fit first from development of a sp’atial 'infOnna'tion system?

- An intensive evaluation effort may prov1de an answer for this question.

Some method of determining a list of state, regional, and local government
information requirements that might benefit from use of a spatial informa-
tion system should be derived. A priority should then be attached to each
need. By matching available financial, time, and personnel resources

against this prioritized list, a reasonable idea regarding the proper ele-

ments to include in the initial data base effort can be formed. (Lundberg,

E.J., 1967)

We propose an omnibus approach to determihing the list of needs. The
following activities are likely to produce many expressions of needs; a
great deal of overlap will also occur.

(1) Make use of the contact network of persons which came out of the sur-
vey of sources and uses of spatial information. Get those people to-
- gether, formally and informally. Have some brainstorming sessions
. with them. All segments and many levels of government should be in-
volved, both for the information they can provide and to insure
,thelr future cooperation on any centralized spatial information
' system development effort. From this group select a few people to
auoment the task force which did the "sources and uses" survey.

{2) Examine existing and proposed legislation (Federal, state, local)
for legal requirements for informaticn. For existing legislation,
presumably, these requirements are already being met. "How well”
and "at what cost" are questions which come to mind. The process

of determining legislative requirements is sometimes called demand
analysis. . :

(3) Examine the missions of the agencies within the govermment. ILook at
their legislative mandates and operational realities. What needs for
information are mplled in - the performance of the required missions?
How many nught be supported by a base of spatlally distributed data?

(4y In like manner w1th (3) look at all offices or departments within
the agenc:1es Continue to assess the information needs of various
entities until the level of individual job description is reached

- and analyzed. One very useful spinoff of this kind of research

o - g 1] - i
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(6)

(7)

(9)

(10)
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effort is uncovering the differences between what people, offlces, ‘
et cetera are doino and what they.are "supposed" to be doing.

Then either the mission descriptions or behavior can be modified,

as appropriate. ILooking at these govermmental entities in terms

of the data they need and the information they produce is a most
basic approach since most of them are basically information pro- .
cessing systems anyway. It isn't even farfetched to loock at "the -
state office building" as a giant computer: It's plugged into o
electricity; data comes in (by document and telephone) and infor-
mation goes out; it has internal information circuits and mini-
information processors (people) who conduct the operations.

Examine information needs articulated by suggestions or camplaints
from the public. If an agency isn't performing to the satisfaction
of the public, that agency may be operatlng with insufficient data, -
or trying to use information that is insufficient in form or quality.
In this type of situation, might there be any implications for use
of a spatial data base? .

Examine errors and mistakes of the past. Were Federal funds lost
because of a lack of timely. information? Was a lawsuit filed ..
against the state because of misallocation of funds due to faulty.
information? Was there racial imbalance in schools because of lack -
of information about who lived where? Was a major land conversion
permitted because its ramifications could not be foreseen? A major
reason for mistakes is lack of the right information at the right
time.

Look at areas of state fund expenditures. Where is money being
spent for infermation? Wwhen money is spent for products, materials,
etc., could better information reduce the cost or increase the qual—
ity of these products? A camprehensive lock at the state budget in
this light could be quite beneficial.

Are any special projects under way which will generate data or which
could benefit from spatial information? Is the state sponsoring a
reassessment of all real property? Is a "housing needs analysis"
being conducted to qualify for Federal funds?

Pick out a sample of key individuals in state, regional and local
governments., Conduct detailed interviews with them to determine how
they carry out their duties, paying particular attention to data
used and information produced. Then randomly select——perhaps from
the state telephone directory or payroll list——an equal number of
people and repeat the process.

What recquests for information are received from individuals or the
private sector? Particularly look at private sector organizations
which provide information to the state. Are data available (or po-
tentially available through a spatial information system) to them
which would cut costs?
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. These evaluation steps likelv will identify much more than just
spatla] information needs. .Thus the investigation could be a collabora-
tive effort sponsored by several agencies. The spatial component, how-
ever, must not become lost in a morass of other types of data and infor-
mation, which may outnumber it several times over. Most organizations,
with governments no exception, go through self-evaluation. If, during
such a process, spatial data and information requirements could be con-

sidered, 'the evaluative process could be quite helpful in the de51gn,
develomment, and malntenance of a system,

For governments g01ng through a self-evaluation process, there are
two admonitions: (1) Pay attention to regional and local goverrnments—-in
fact, concentrate on them, since sub-state govermments still make most of
the major land usé decisicns. (2) Don't deliver an edict to all state
~ agencies to cease and desist from developing new systews to gain informa-

tion. Any analysis of information needs should be dynamic, ongoing, and
able to cope with—-or perhaps influence--the direction of current program
developmant. Also, agencies developing new information systems are prob-
ably doing so in response to strongly felt needs. Few ‘things will alienate
‘these responsible parties more than forcing a halt to their data gathering
or program development activities while a lengthy inventory of information

- s NN N W

needs is conducted. (Haak and Bigger, 1966; Lockheed Missiles and Space Co.,

1965; Shawn, 1968.
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PART D

| Information: A Product

"And- the Judge (with the seeing eye dog) wasn't
going to look at the twenty-seven 8x10 coloxr
glossy photographs with the circles and arrows
and a paragraph on the back of each one.”

—-From Alice's Restaurant
by Arlo Guthrie

Introduction

Part A discussed the concepts of a spatial information system and.
described how such systems support decisionmaking. Part B suggested some
of the areas in which a spatial information system might be useful and en-
couraged govermments or other agencies with interests in those areas to
define their interests and needs gpecifically. Part C offered some specifi
thoughts on determining data sources and information needs.

The remaining parts of the gquidebook will describe, in same detail,
the various elements of a gpatial information system and the connection

between those elements. Although logical progression——or "development
process" through time for a spatial system is:

DATA ~———————> MANIPULATION ———————=> INFORMATION

(Analvsis)

this discussion will focus initially on information (the product) for two
reasons: First, the products—the information—-from a spatial information
system are most important. The accuracy, timeliness and relevance of the
information product are, of course, functions of the data and the way they
were handled. But the product and its use are the raison d'etre for the
information system. In the final analysis, the utility of a spatial infor-
mation system is the primary measure of its worth. This fact is amazingly
easy to forget by those involved with constructing portions of the system.

The second reason for discussing information products before data input
is that we are aware that administrators are a prime audience of this book
and we are mindful of C. P. Snow's cobservation about limits on their time:

"To be any good a scientist has to think of one thing
deeply and obsessively for a long time. An administra-
tor has to think of a great many things, widely, in
their intercommections, for a short time,”

(énow, C. P., 1955)
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4
Th.lS sectlon of the book is mtended for a falrly w1de audlence
decisionmakers (those actually responsible. for initiating courses of .

- action related to land conversion, resource allocation, etc.), the ad-

visors of. dec1510nmakers (professional planners or consultants) and de-

signers of systems to supply information to the two préevious groups. . ‘An -

apology. is offered here in advance for the fact that there will be some
shifting in. the discussion as various audiences are addressed; but we ab-

solve ourselves by opining that each needs to know what the other is in-
volved with.

Overall AReun_re_»ments for Utility N

To. have a chance to be useful in decisionmaking, a };;roduct of a
spatial information system must meet several criterja: .

1) The decisiormaker must know it is available.

‘2)? He must be abie to uncierstand it.

3) He must have some reason to believe that it is worth hls time
to detenm_ne how to use it.

4) A551stance to aid the dec1smmnakers" understand.mg of the
product must be ava:.lable.

5) The product must be available at the time it is needed.

6) It must be relevant to the area of concern.

7) It must have considerable accuracy and integrity} "if the product
lets the decisionmaker down, a long time will elapse before he

. again depends on such information.

Classification of Spatial Information System Products

Products from a spatial information system can be classified in
several ways. . We use the terms origin, media, format, purpose, and
audience. - . ) - .

Origin: A product can came from a manual process or an autamated device.
. Combinations of the two are possible, as when color markers are
used to enhance camputer output. It is perhaps useful at this
point to state a definition of an Autamated Spatial Information
System. . An Automated Spatial Information System is one in which
. a significant part, but never all, of the systems functions are
- carried out by electronic digital camputing machines. '
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Media: We use the term "media" to denote the earriers for the informa-~
tion presented to the decisionmaker. Common media are paper,
photographic materials (opaque cnes like photographs; and trans~ -
lucent ones like slides and films), and electronic visual devices
like cathode ray tubes. Three dimensional electronic. dlsplays
activated by laser beams--called holegrams—may be- available in
the future, but more conventicnal products are now available .
which can meet more important, if less exotic, crlterla. AJmSt
all products of existing spatlal information systems are des:.gned
to respond to the sense of vision in scme manner.

Format: While the number of visual media which carry information are
limited, the number of forms or formats that information can |
 assume are without limit. 2n infinite. variety can be obtained
with characters-~the 26 letters of the alphabet, 10 arabic number
symbols and some special symbols. ’I'hls type of mformatlon is,
called character based.

Character based information can appear in the form of text, tables,
lists, formulae, etc. The way in which information is organized -
has a tremendous impact on whether or not it w1ll be useful. Char—
acter information can be processed by an 1nd1v1daal in serial
fashion (like a reader p**ocessn_ng" this line of text) or in
"search mode--a procedure in which a person examines unconnected
groups of characters in order to find desired information. Locking
up a number in a telephone directery exempllfles use of the search ‘
Irode-—followed, of course, by serial mode.

For purposes of mental model builc'ling, the best products allow a
user of character based information to quickly grasp two things:
the overall scheme of organization of the information (revealed-
by tables of contents, sections on "how to use this information,"

" etc.) and the subject of the information itself - (;Lllustrated by
introductions, table titles, lists of parameters: relating to the
J_nfonnatlon, ete.). Developmen*- of products which can meet these
criteria is an art and a science.

A

Graphic information——pictures, photographs, drawings, maps, .dis~
plays, graphs, diagrams, etc.--is equally as versatile as character- -
based information. In manual systems, graphic products are pro-
duced by ' . : '

o photographic techniques

o drafting

o drawing

o cartograrhic technigues -
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Purpose:
- of a product from a spatial information system is the general

W;Lth automated systems, qranhlc products are usually made

. o by pen on paper w1th a device’ called "olotter, "

o w:.th eler*trlcal charges or mqnetlc flux on a specifically
treated glass surface. (The most common form of device
. is the cathode ray tuke {CRT]. Mention of the TV tube--
-although an obviocus example of a CRT--is mlsleadlng be- .
cause. most graphic products displayed.do not resemble the -
"photographic” image seen on television);

o with "harddopy" fnachines which can reprodﬁce, on paper,
- the images appearing on CRT-like surfaces;

0o with characters (letters, numbers, and symbols) printed
.-~ on paper—not for their traditional meaning, but for their
visual density. (An @cplanatlon of this mterest—mg tech-
‘nique w111 follow later) -

: In any of these: 1nstanﬁes, the mformatlon product- usually is a
- -:diagram or drawing without real limits on its diversity.. This

type of display may he composed of points, lines, and shadings

.of areas. If a graphic product is on an electronic display, it
‘may be possible to quickly change same of its elements to allow

an- ex:nu.natlon of alterna‘{-lves or to create an animation effect.

Smmllstlcally, character-based mfovmatlon is *’ead whlle graphlc

information is viewed. Both can help a decisionmaker form a more
cormolete mental model of an J.ssue, but provide information in

different ways.

. It is seldom that any information is either totally character

" ‘based or graphic.  Combinations of the two are the most effective
- {graphs have descriptive headings and designations; reports have

- diagrams and illustrations) though the process of marrying" the
©two is not always stralghtforward particularly when using auto-
mated equlpment.

Another classification which mlght be considered during design

purpose or purposes of that product or information. Some of the

- 'pos.alble purpo=es “include:

‘ J_nvento'rying
analyzing
explaining .
documenting
designating
defending

managing -
forecasting
monitoring

0600000 CQCO
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Audience:
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The design of the product is frequently more effective if the pur-
poseé is kept well in mind. For example, if the major purpose is
monitoring, the most appropriate product is one which reflects-a ~
change over time rather than the production of two documents, each
of which shows the situation at a given point in time. This scunds
elementary, but the amount of effort that has been spent in trying

- t0 corpare two similar documents, side by side, to ascertain the

differences between them is staggering. A spatial information
system should have the capability to generate the "difference."

Cther purposes will be most appropriately met by differing formats.
The important point to consider, for each product, is how that pro-
duct will be used.

A good spatial information system will be capable of producing many
sorts of information products at varying levels of detail and so=~
phistication. B2n additional classification for these products:
might be the audience for whom the product is intended.

Attempts to develop a "super product” should be avoided. As vari-

ous pmducts evolve, this becomes a strong temptation. Those re-

_sponsible for system and product design and evolution keep adding

more "bells and whistles” which the designers, of course, under- .
stand camplete2ly. But a person charged with meking a decision,
who is looking at the product for the first time, may find that
an elaborate demonstration interferes with his understanding of--
and use of--the information. ' :

One approach designed to avoid this problem is the development of -
an information product series--several forms of information of
similar origin, media, format and purpose. This type of series -
might show different levels of detail that can be used by anyone
exploring all perspectives of an issue. As a product series is
used, the first priority should be development of a product appro-
priate for the needs of the decisionmasker. That product should be
sunpleanented by others of the same general form which provide more
detail or additional information. For example, if information on
the limits of the 100-year floodplain for a reach of river is needed,
the information product should not show the 20-year plain, the
50~year plain, the 200-year plain, the normal yearly range of
bodies of water, or the expected annual rainfall, etc. Instead
it should clearly show the 100-year floodplain, with a notation
that more detailed or sophisticated information is available for

other floodplain limits in roughly the same format. If the system

can produce a complicated map, it should also have the ability of
oroducing less complicated ones.

Comments on Some Clagsification Combinations

. This discussion has focused on the classification of information pro-
ducts from Spatial Information Systems according to categories of: origin,



media, format, purpose and audience. A few camments are now in order re—
garding some of these classifications and how they may be combined.

Origin: Automated

Medium: = Paper (Cmtputer'rlisting) orlMicrofilm (computer generated)
Foﬁnat: ' Character based (usually tables) | |
Purpose: Any

Audience: Varied

Cdnputers can easily process and print out vast quantities of symbols
- (mmbers, letters, and special characters). As technology advances, com-

puters become more adept at creating drawings, but their leading quality in

terms of output lies in the ability to provide data and information at the
rate of thousands of lines of characters per minute.

Perhaps the best use of a spatial information system in some applica- -

tions is to have it print out lists, catalogues or tables of mmbers——of
which 99 percent are never seen. This type of output can be replaced on
a periodic or as—needed ba51s. ‘

Whlle this approach sounds wasteful, it may be cost effectlve, Con~
sider the example of a telephone bcok. Despite duplication, paper, and
distribution costs--and the fact that an information service is provided
over the phone--it is less costly to organize and provide mostly unwanted
information to each customer rather than respond dynamically to his needs
for information at particular points in time. On the other hand, the
phone company does not provide a list of subscribers for the entire
nation. The key point is that the issue of product utility and cost must

be looked at in a most camprehensive way--not just in terms of time, ma-
terials, or manpower alone.

Combination #2--An Approach to 'Graphics

Origins Automated
Media: Paper (computer listing)
‘Format: Graphic, based on character printing

Purpose: Any examination of surface area with general inpressions
as the goal ’

Audience: Varied
An interesting way of producing graphic information from a computer -

nakes use of the equipment's capability of rapidly putting characters on
paper. The technique is a crude but effective method of printing charac-
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or chart by varving visual denmtw——dar]me.:s and light~

ness on naoer, For example:
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The advantages of this sort of graphic display, called synagraphic
mapplng, is that it is flexible ‘and cheap, Conventionally, making a map
is quite a proqecL. Maps are usually planned and made far in advance of
their use and made to appeal to a wide range of users to help defray the
costs of productich. They frequently have ten times as much information
as any particular user wants. Synagraphic mapping makes possible "quick
and dirty" special purpose graphics at a cost which can be measured

. reasonably in- pennies, assuming the data to produce them are available
"and accessible in a ‘spatial J.nfomatlon system, they can be prepared in a

matter of hours or minutes.

~ The disadvantag«:s of synagraphic products are several. For maps on
paper there is limited precision--restricted by the numbers of characters
per inch (usually 10) of a line printer and the number of lines per inch-
(usually adjustable to either 6 or 8). The maps are useless when viewed

up close; it is best to mount them on a wall, stand back, and fight the

urge to get closer in hopes of seeing more detail. TLastly, synagraphic

- maps are strictly "insight producers”: analysis of the information they

portray should be based on the basic data which was used to generate the
map. (Laboratory for Computer Graphics and Spatial Analysis, 1970)

Combination #3--Arrangirg Chardcter-Based Information

Origins Manual or autcmated

Medium: Any

- Format: Character based
Purpose:  Any
Audience: Varied, but with the product user also being the product
' desmner

There are many, many formats in which character-based information can
occur and you should let your imagination run free when attempting to design
the most appropriate one for vour uses. One particularly good technique
is to sketch out on a paper a format and then an example which you think
would serve vour needs; then think how you would use it. If you find your-—
self doing a lot of manual work with the pseudo-output of your spatial in-
formation system, maybe you should ask for the information in a different
format. For example, suppose some 348 "areas of critical environmental
concern” have been nominated and an identification code attached to each;
your spatial information system has the information to calculate a factor
between 1 and 100 which suggests the degree of danger to which each is sub-
ject. The output you envision is a list, in order of identification code,
with the "danger factor® printed out adjao*ent. As you begin to use the

~output you discover yourself lcoking through the list to find the area with

the highest factor, then the next highest, etc. At this point, while all

the information you want is there, it clearly could be in a better format:

in order of the danger factor rather than (or in addition to) the identifi-
catlon ‘code order.
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Corbination #4--Andience and Format
»

Origin: Manual or Automated

Medium: Any

Format: Discussed
- Purpose: Any

Audience: Discussed

Character-based informetion is the sort that decisionmakers are most.
used to seeing; graphic information is a form that most professionals who
advise decisionmakers deal with in formulating their recommendations.

Some humans, perhaps innately, are better at dealing with graphic in-
formation and some with character information. There is also physiological
evidence to suggest that the two different types are processed by different
hemispheres of the brain. One might draw a paral'Lel with left-hand right-
handedness, since the right side of the bodv is controlled by the left

" hemisphere of the brain and vice versa.

It is not owr purpose to suggest (or deny) that each person has an in-
herent dominance of ability to process character or grarhic information but
to point out the danger that an individual may well naturally opt for in-
formation in a particular form—just as he might naturally use a screw
driver with his right hand--when ancther form might be more aporoprlate in
helping him gain the insights he needs.

Spatial information systems can provide both character and graphic
information and any spatial information system which is designed to pro-
vide only one type may be missing a good bet, with the utility of the
system itself as the stakes. Both format types are appropriate.

Combination #5~~Interactive Products vs. Batch Products

Crigin: Automated

Medium: Discussed
Format: Any
Purpose: Any

mxdience: Discussed

An automated Spatial Information System can be designed to operate in
one or bhoth of two modes: interactive or batch. The two modes are classi-

cally defined by describing the way the product is obtained from the compu~



ter. In the interactive mode, a person sits before a device which is con-
nected, perhaps through telephone lines, to a computer some distance away.
The device allows the person to transmit information to the computer (usual-
1y by pushing buttons on a typewriter—like keyboard) and getting information
from the computer (usually in the form of typewritten output or images or
characters on a cathode ray tube). The time which elapses between the

moment the person (called a system user) finishes typing a request into the . -

system and the mament the system responds, called the response time, is
usually measured in seconds. Thus the user can "converse" with the compu-
ter. In bateh operation, a user prepares a request to the machine (fre-
quently in form of punched cards) and sulmits the request to a camputing
center; the results (the product) are produced and available for the user -
at 'a later time. The time elapsed between submission of the request and

pickup of results is called turn around time and is usually measured in
hours. ’ :

A combination of the two approaches is possible wherein a user sub-
mits his request to a camputer via a terminal and the computer produces
output at the computing center which is available to the user at a later
time,

We now make some observatlons regardmg the relatlve advanw‘-ages of
the two systems:

‘1) Interactive systems are more appropriate when small amounts
of input (parameters) are used to generate small amounts of
output. For one thing, computer terminals don't type very
quickly both because of the way in which they are made and
because the information frequently comes over telephone
wires. The more output produced, the longer the user has
to sit in front of the terminal.

2) Subm1tt1ng and plcklng up jobs from a batch camputer is a
waste of time for the user. A courier service J_mproves
the situation scmewhat. : '

3) For an identical amount of computing, an interactive process
is between two and ten times as expensive as a batch opera—
tion. In addition to the actual computing and data manipula-
tion charges, there are frequently charges for the amount of
time the terminal is connected to the computer, rental
charges for use of the telephone lines, etc., On the other
hand, there are costs involved in moving cards and paper
between the user and the computer in a batch system. Pre-
sumably, the computer terminal is closer to the user’s hcme
base than is the computer itself. '

4) As a generality, electronic things are cheaper than mechanical
things——and getting wmore so. As an example, consider the
plethora of hand-held electronic calculators now on the market
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and compare their prices against equivalent calculators which

print results rather than just 4i =‘plavmc* them. A paréllel oc-

currence is in the computer terminal business where CRT teyminals
of both the character and graphic type are now available quite
inexpensively. But just as with the hand-held calculators, they
don't u.:ua_lly produce "hard copy" output. All you can take away
from such a terminal is what vou remember or what you wrote down;
their utility for some applications is vlearly limited.. Hard copy
devices can be added, of course, but the price rises. ‘

 The ultimate user of an interactive system must have scmewhat

more knowledge of the protocol for using a computer than must the
ultimate user of a batch system, even though, once mastered, it
provides them with more control over the results they obtain.

The act of a decisionmaker sitting down at a computer terminal is
one which cuts out virtually all the "people buffers" between him

and the computer. Many decisiommakers will not want to . spend the

6)
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time necessary to either learn or operate the eguipment. Also
there is a certain element of justified fear involved for even
the ablest individual in doing scmething new with others looking
On. . . Lo

Interactive mode usually allows more convenient access to a compu~
ter system than does batch mode. On the other hand, the products
of a batch system--almost always hard copy--can be moved around
more easily than even the portable terminals which are available.

~ And there are times when you will want to have the results of

'your automated spatial information system appear in places besides
' their customary home. -If this means transporting terminals,
‘searching for ektension cords and proper telephone connections, and

hoping everything works, the quality of your system in the eyes of
the viewers may be J_mpalred rather than enhanced. While we're on
the’ subject we should say that computing in the interactive mode
is much more subject to vagaries, such as ccmputer outage, than is
batch mode computing. The number of system demonstrations in
which "something went wrong” exceeds those in which "everything went
right." By comparison, it's hard to fail qulte go dramatically with
a set of computer listings or drawings packed in a briefcase--unless
of course you or an airline loses it.

Interactive systems with graphic CRT displays can be very effec-
tive in showing dynamically changing pictures. Alsco the process
of developing those pictures can be quite instructive for the

user. When looking into the matter of equipment to support the

_products you want from an automated spatial information systenm,

remember that there are great differences between CRT terminals
which display graphics (diagrams, drawings, points, lines, shades,
areas) and those which display characters only. True graphic

‘capability is expensive and a terminal which can do it must either

be connected with a fast line to a .central computer (an ordinary
"voice grade" line is probably out for complex applications) and/or
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must haﬁe a mini-computer attached to the terminal itself.

Interactive systems have more pfestige than batch ones. But that

fades if it turns out that the system won't do the job or costs -
too much. The mador question to be addressed is "How quickly

are responses needed to a reguest?" If the answer is "seconds"
or "minutes," an interactive system is the answer. K If the answer
is longer than that, a batch system is probably more appropriate.
All computer systems can be interactive in the sense that you and
the computer trade informaetion back and forth over time. The

‘issue is, how much time between trades is "too much." A really

good analogy which illustrates the difference between the two
modes is communications between two persons. They can talk to

" each other hy phone (interactive) or they can write letters f{(batch).

Each has its advantages and disadvantages, costs and benefits:
our message here is that you should examine your needs (and what
facilities are available) rather than just assuming that one mode
or. the other is the way to go. -

Some Obsorvatloﬂs about Products

1

Much of this section has addressed the matter of design and de-
velopment of products to meet the needs of decisionmakers: man-
agérs and planners. But we have not mentioned a spatial informa-
tion system product of underlying but vital importance: the geo-

' " grarhic base map. This is a cartiographically or photographically

2)

produced product of, usually, great accuracy, high precision and
great detail to which all the other products of the spatial infor-

mation system can be referenced. Its primary use is for human

visual examination although it may well serve as the basis for

"input to the manual or automated digital spatial information

system. To attempt to build a spatial information system without
first developing (or otherwise obtaining) a geographic base map
is sheer folly.

In addition to underpinning the entire system, the base map can
perform another vital function. It can serve as an important
"flrst product”-~useful to a wide variety of state agencies. We
say "vital" because it usuvally takes several years to build an -
extensive operational-status spatial information system. In this
country governmental personnel in high level executive posts are
"reevaluated" every two to six years; such a time frame can prove
devastating to an eight year project. Thus, it is important that
the spatial information system development process show some
progress along the way; the base map, thought of as a product and

" marketed as such, is a good nominee.

In the design of a product there should be a balance between

- simplicity and generality. In one sense the best product is one

vhich speaks directly to the decisionmaker, respecting his partic-
ular abilities, relating to the issue he is dealing with. On the
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cther hand, it is nice to have a product of zuch good design that
it can serve the decisiconmaker, his advisor, those in other areas,
perhazps the public and the courts. Map makers, of course, are well

. aware of this design prcblem. A map's usefulness is increased by

adding a new type of information and decreased at the same time
because the map becomes more cluttered.

Having the data to support spatial information system products

in machine readable, digital form allows greater flexibility in
the production of preducts than do normal cartiographic techniques.
It sheonld be possible tc develop prodacts in short periods of time
for particular uses which are unencumbered bv extraneous informa-
ticn. The key to such a process is meduloriiy-=the develomment of
sets of information which can be corbined in meaningful ways to
produce a single product. A physical analogy of an information
module is a brick——a standard entity which can be combined with
others to producs unique products.

Product design is an art which marries what is possible with what
is needed. Many factors go into successful design:

Examination - of products from other systews
Innovation -=- the ability to conceive 2f more meaningful

ways to display information within the con-
straints of the devices which put the in-
formation together

Refinement —- of products which the spatial information
system is alreadv producing; obtaining
and heeding feedback from users of the

product

Knowledge -~ of what data are required (and the character-
istics of those data) to produce the needed
information

Lack of Bias

towards either character-based or graphic
information; an ability to provide informa-
tion in the best format for the given custo-
mer.

One current sticky wicket is the issue of whether to base the
output of a spatial information system on the metric or English
system of units. If the system designers have been reading
the signs, the basic inputs and internal manipulations of the
system will be metric. What shows up on the product will have
to take into account both the nature of the audience and its
desire to move towards use of the metric system. If English
units are to be primary on output, then same provision for
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switching later without disrupting the entire operation must be
thought out in advance. Avoid cluttering products with both
measuring systems. One approach might be found in the product
series concept; make two equivalent products, one with English
units, the other with metric. There must be obvious and absolute

differentiation between the two.

We have implied from the outset that the reason to have a spatial
information system was to either

(&) provide new information
"~ (b) provide information in new forms.

" Developers of spatial information systems sometimes became so

caught up in this task that they neglect a second but vital com-
ponent of the operation: providing explanatory, documenting,
context setting information about the primary information. We
call such information, for want of a better word, defining infor-
mation. A partial list of defining information for a report or
document might include: - :

o A title

o A descriptive paragraph on the content.of the document and
how it is to be used;

o The geographic area covered;
o The date the information was produced;
o Identifiers which allow the user to determine the defining

information abcut the data which support the information
in the report;

o Statements about the precision of the information in the report;

o BEstimates of the accuracy of the information in the report;
o The variables which went into the production of the report;

0o A name and phone number of a person (Or agency) to contact
* for information about the report;

o All of the parameters that were supplied to the user in the
production of the report;

o Any warnings to users;

o Identification of agencies and individuals responsible for
the report.
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Not all of this information need appear in the same format in

the same place, Tn an automated system some of it will be gener-
ated by the computer and appear on th= printout: date, data
identifiers, pavameters, precision and accuracy information,

etc. Various descriptive information might better ke printed
separately and attached to the computer produced report. Regard-
leas of the methods of production or dissemination, a product
from a spatial information system should be a complete package.

Tt may be determined that each user of a spatial information
system should be given a user's manual of the system. Such a
manual cculd set the context of the entire system and then describe
each product seriss. Such a manual should he loose~lezaf and modu-
lar; and the updating scheme should be thought out carefully.

When defining information about a report is contained in the user's

manual rather than in the product itself, the product must con-

tain references to the user's manual; the loss of the link be-
tween the report and its defining information can prevent accep-
tance and use of the system.

One of the values of a spatial information system is its capa-
bility to coambine different types of information which have the
same gecgraphic base. For exarple, a user might need a map dis-
plaving a single variable derived from a combination of soil type,
bedrock type and depth to bedrock. An important aspect of the
defining information of a report combining these three variables
is .the confidence one can place in the accuracy of the resultant
information. Each of the constituent individual variables is
stored in the data base and each has its own characteristics of
precision and accuracy--measured in terms of geographical coordi-
nates and the values of the variable. Therefore, just as the
values of the three individual variables are cambined to produce
a single variable, the preciston and accuracy attributes of these
variables should be combined--according to appropriate numerical
techniques——to produce statements about the accuracy of the re-
sultant report. These statements of accuracy should be produced
as part of the resultant report.

This process is not always easy, nor are the results always en—
couraging. For example, in a study done by the Australian Com—
monwealth Scientific Industrial Research Organization, invelving
three variables, an analysis was made of the cutput. When par-
ticular points on the Earth's surface were picked out, it was
found that at least one of the constituent variables was in—
correct more than 60 percent of the time. The implications for
the accuracy of the combined report are obvious. . (Dangermond,
1973) .

Several other factors--including size, scale, resolution, appear-
ance, readability and shape——can affect the utility of an infor-

mation product. The first three will be discussed individually;

the others will be found within the context of comments in other

parts of this book.
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Sige:

Scale:

Resolution:

The distance--in centimeters or inches—-between the pair of
roings most distant from each other on the product. (There
might be more than one pair of peints; for a rectangular map,
there would be two pairs; for a circular map, an lnflnlte num- -
‘ber of pairs would ex1st)

‘A ratio of distance on the product to actual distance on. the

ground measured in the same units.. Usnually expressed as 1:X
where X is a number greater than 1. An example is a map with

- a scale of 1:24,000, meaning one inch of the product is equal

to 24,000 inches (or 2,000 feet) on the ground. A confusing
bit of termirologv is associated with use of the temm "large

-scale maps."” One not conversant with map terminology must be

cautious, for details on a 24,000 scale map actually would.
appear ‘larger than the same details on a 100,000 scale map,
though the numbers might seem to indicate just the opposite.

The smaller the number, the larger the scale and the greater
the detail. .

Basically, the smallest length in ground units which can be re-
solved by looking at the product. For example, what is the diam-

"~ eter of the smallest object which can be seen in an aerial photo-

graph. Clearly, the answer depends on several things beside the
diameter of the cbject. It involves the reflectance of the object
corpared with the surrounding ground, the quality of the vision

- of the person lecking at the photo, and the scale of the photo.

2An 8x10 photo of Arizona might allow only an object the size of
Phoenix, to be visible. Through enlargement of the same photo,
however, it might be possible to increase the resolution so that
an object 100 feet across could be identified. If further en-
largment—-no matter how extensive-—did not allow identification
of objects with diameters smaller than 100 feet, then the maximum
resolution of the photo is said to be 100 feet. Thus, it is ob-
viocus that resolution and scale are closely linked--the larger
the scale, the greater the resolution--up to a certain limit. Be-
yond that limit, no further information can be obtalned from the
product simply by enlarging the scale.

If a specific ground area is to be covered, designers must then
weigh the relative factors of size, scale, and resolution to de-
termine the most appropriate method of producing an information
product. Too often these determinations are made without suffic~—
ient thought, or are influenced by habit and conference room table
size. The issue of appropriate scale must be considered early in
the process because scme spatial information system products util-
ize overlays and base maps of other materials to make them meaning-
ful. Obviously, a nearly exact physical match must occur further;
the size, scale, and resolution of both base maps and overlayed

products must be appropriate.

It is worth mentioning here that reproductions of map output, from
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any source, are not always the same size as the original-—and
hence not the same scale as the original. Unfortunately, the
statement regarding scale that is printed on the map is vsually -
reproduced along with everything else, creating a built-in lie.

It is not only graphic products which rust get attention in terms
of their visual utility. Factors such as size, shape and format,
appearance and readability are important in charactsr~based output
as well. Again, thought should be given not cnly to the product
itself but to subseguent reproducticns of it by photographic or
other means. (A good exemple of a frequent "miss" in this area
is taking a 35 mmw slide of a full sheet of computer omtout. Tf
you had a dollar for every time a speaker at a meeting has apolo-
getically said "Now, I'm afraid you can't read this" you could

£finance a medium sized computer system.)

A person familiar with the product (including the assumptions
underlying it and other products which might be useful to the
decisicnmakers) should be present when thes product is used. Peo—
ple charged with making decisions have a way of asking questions '
no one thought they would ask. Anyone who presumes +to provide
them with new information in new formats had best be ready.

The person charged with the responsibility of understanding and
explaining a document is also in an ideal position to reccmmend
changes in the document's structure or information content based
on conversation with the users of the product. The dissemination
of a product containing information is very much a two-way street
and relies on user feedback for its successful continuation.

User needs change, user needs are not correctly perceived by pro-
duct designers...many factors suggest that a continuing dialogue
between the providers and users of information products must
exist.

It may be that, instead of having a person assigned to a particu-
lar set of products as the interface hetween the decisionmaker-
and the product, personnel will be assigned as liaison to various
departments using the products. Whichever scheme is chosen, thcse
personnel chargad with the function of interfacing products with
decisionmakers should meet among themselves regularly to aid in

. improving the effectiveness of the spatial information system

operation.

If a product is generated by a camputer, at least two options
exist for being able to use the information fram that product in
the future. First, if a computer is fed precisely the same in-
puts and operates under precisely the same conditions, it will
produce precisely the same outputs. Thus, it is possible to re-

create the output at a later time. On the other hand, the fact

that a computer produced product means that the capability exists
to easily record that product in an electronic, nonvisual, way
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either for future visual production of the product or for use of

" the nroduct as part of the data base. For example, if a flood
plain map is produced from other more basic data, it might be
reasonable to develop a new variable in the data base which de-
victed the flood plain. This could be matched against future
building requests. Thus, the information product from one pro—
cess can serve as the data input to another.

SUMMARY |

The reader can see that the number and diversity of potential infor--
mation products from a spatial information system is almost unlimited.
These products, however, are useless if they don't fill a need or if they
are inappropriate for their intended audience--as with the photos for the
judge with the seeing eye dog. . Therefore, any design of an information
product must proceed from an enlightened view of the-data used to.support
it, as well as a clear understanding of the needs of decisionmakers or -
administrators who will be using it. (Farman and Nivergelt, 1969; Voelker
and Meyers, 1972) . ' :



o

Gl NN N N N BN ar N B BN S SN B B En E.

- eaE e

53

PART E

Data: Raw Matefia!

"Garbage in, garbage out"--An often
quoted, but seldom heeded, admonition
in the computing world.

Data form the basis of a spatial information system or an automated
spatial information system. These systems are referred to as being "data .
driven" to emphasize the impcritance adequate data play in their operation.
The product of a manual or automated spatial information system is the
most important contributor to its utility; the data are the chief ingred-

. ient of that product. The single message ermphasized by this section is

that any determination of what data are needed and what the character-
istics of those data should be, comes after a very careful look at what
sorts of information products are requiired for specific decisionmaking.
The products, one would hope, are developed to satisfy the needs discussed
in Part C.

Determining what data are needed is not an easy process. It requires
the concentrated effort of experts—-from the decisiormakers who will use
the ultimately produced information to the scientist who gathers and ana-
lyzes the data. The i1deal order of matching data to needs is from the
specification of the information preduct back to the data gathering--that
is, in the direction oppcosite from the one in which the process -of produc-
ing the information takes place. (Brady & Branscomb, 1972)

The fact that a lot of already collected data exists will influence -
not only the process of turning those data into information but will in-
fluence the types of information produced as well. But to allow .the fact
that same inappropriate data are at hand to dictate the output of a spatial
information system reminds us of the man who, one evening, lost a ring on
the north side of a street but searched for it on the south side because
"the light was better."

Steps in Develcoping the Data Base

(1) Determine what types of data are needed to produce the product(s) .

(2) Determine what characteristics of those data are necessary to provide
the accuracy, timeliness, coverage, etc. demanded by the product, set
prlorltles.

(3) Make some preliminary studies to determine that the data and character-—
istics specified will produce the information wanted.

(4) Begin a data acquisition effort-~search for already-collected data
which meet specifications, or begin a sub-area data collection effort.
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(5)

“

(7)

. (8)

Put data acquired into proper form (reformat, or encode it);féfiiﬁélu—
sion irnv the spatial information system data base.

Check accuracy of each step of the collection process; alsb check the
first form of the data against the form in the spatial information
system.

Repeat steps 4, 5, and 6 for the complete set of déta for the base.

Employ techniques for monitoring and’updating of the data base.

We now look at these steps one at a time:

‘Determine what types of data are needed for the information product (s).

This assumes that you have determined the needs of the decisionmaking
apparatus and, further, that you can identify the sort of information

“which will satisfy those needs.

The most important component in this step is to have people involved

- who (a) understand both the information required (and how it is to be.

ultimately used), (b) the characteristics of data which might be used
to generate the information, and, (c) the manipulation of the data

- necessary to produce the information.

At this early stage, it is wise to consider alternative and innovative

‘ways of getting to the same information. For example, if the .informa-

tion required is a delineation of areas of potential high soil erosion,
then calculating the rotential soil loss might be produced using the
universal soil loss formula (Wischmeier & Smith, 1965) and spatial

“data including rainfall, soil erodability, slope length and gradient,

and vegetative cover. On the other hand, it might be produced by in-
terpreting aerial photography for existing erosion conditions. Many
projects which get into trouble at this stage do so probably because

‘camrunications with the analysis and decisionmaking group ceased after

the initial contact. Problems are constantly changing in both impor-
tance and type. Thus, to be most responsive, the data support sector
of a decisionmaking process must have its roots not in the data collec-
tion area, but rather, in the analysis and decisionmaking area.

Once the basic types of data required have been identified, more
thought must be given to the characteristics of the data to be acquired.

‘A very comprehensive discussion of data characteristics appears in the

Department of Interior Document Information/Data Hanhdling: A Guidebook
for the Dewvelopmant of State Programs, July 1975 available from the
National Technical Information Service, ,

In determining the characteristics of the data needed, several funda-
mental questions should be asked:
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What geographic area is involved? Vhat geogravhic identifiers are
necessary for use of the data?  With what accuracy must the coordi-
nates he known? Are the values of the data "continuous" (like eleva-~
tions above sea level) or "discrete" (classifications of land cover)?
How Lrecuently do data values change? What causes these changes?
Are the most basic data types .in use or can other data be derived
from more basic sources? If the latter, what are the advantages and-

. costs in using the most basic information available? What degree of

detail is recuired? ¥hen the detail level desired is "multiplied"

by the area involved, how many data must be dealt with? How sensitive
to errors in the data is the process which is used to get information
products fram the data?

Make scome preliminary studies to determine that the data and character-
istics specified will produce the information wanted.

How this task is done depends greatly on what is available. If an
operational map overlay or commuter based spatial information system
exists and new data to support a new product are being added, the best
course might be to generate some typical sub-area data to try out the .
process. If the spatial information system does not exist but is being
built initially to produce the product, the issue of preliminary test-
ing of the data product relationship must be attacked differently.
Perhaps an analysis of yvour plans could be contracted to a consulting
firm for checking. However it is done, someons other than the origi-
nators of the techniques for development of information from data
should independently examine the projected course of action.

Begin the data acquisition effort.

So far we have described a rather idealized process for the formation
of a portlon of a data base for a spatial informaticn system. We think
the idealized approach is worth sticking to. Too many times the exis—
tence of some collected data not only dictates the process used to
manipulate them but alsc the kinds of products which get produced. It
often turns out that when the cost of conversion of already collected
data is counted, the error rate discovered, and the lack of suitability
of the data for the task at hand realized, more money and time will

~ have been spent than if an original data collection effort were begun.

And yet, it is unreasonable not to make an examination of existing data
sources, after you know what you want, to see if, considering the
millions spent on data Folloctlon in this country, there are scme which
will meet your needs.

(a) A search for relevant data will not prove easy. It is the type
of frustrating undertaking which one never really knows when to
surrender on; how long do you keep looking. before vou elect another
route. The process of finding existing data sources 'is not aided
by any sort of comprehensive lists, catalogues or directories at
either the Federal level or among most states. A conmon problem
is that very few people seem to have both the depth of understand-
ing required to manipulate data into information in particular
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areas and also have the overall view of how to collect the data
which could be relevant to the decisionmmaking process.

A real search, therefore, should be undertaken and it should
look widely, not eschewing any possible source of data. Inter-
viewing of individuals in various agencies is probably as profit-

“able as searches through documents; interviews may produce more

up~to~date information about data sources or data collection
efforts. :

There is no dearth of data in this country, spatial or otherwise.
But there are three major problems with existing data:

{1} The data files themselves are spatially distributed,
hither and yon, in offices and computing centers, in
degk drawers and filing cabinets. Perhaps the first
task in developing data for a specific geographic area
should be a list that includes data sources, character-
istics and owners.

(2) The data are not in a common format. Granted, differ-
ent sorts of data should be presented in different form
because of their inherent characteristics and uses. But
the variability vastly exceeds the requirements for dif-
ferent formats.

(3) Already existing data are getting older and less correct
every day. Barring some catastrophic event, such as
nuclear attack, the accuracy of the data will decay
slowly over time.

A method for assessing the correctness of data after a length of
time might be borrowed fram the concept in physics of a radio-
active half life period. Such a period, measured in time units
(from millionths of a second to vears to mellinia) and different
for each radicactive substance, is the length of time required

‘ _ for half the weight of the substance to have decayed into some-

thing else. In general form this idea could have a parallel with
"oorrectness of a set of data" as the variable instead of mass

of material. The correctness of spatially distributed data of a
given type, say land use, decays at different rates depending,

as one might imagine, on its location. A greater rate of decay
would be expected adjacent to urban areas than distant from them..
In any event, the age of the data used is one of its most impor—
tant characteristics.

Assuming a set of already collected data has been found which
approximately meets the specifications, the data should be care-
fully analyzed according to a number of characteristics:

. o Can the data be used directly or must they be manipulated
before they can be used in analysis?
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0 Are the data the most specific and detailed available?

. When accuracy is critical; is a version prihted con paper
bcmq used when a more stable version on non—shrln]qng,
non-stretching mylar is available?

o Is the resolution of the data suff1c1ent to £ill informa-
tion needs? : :

o Are data mapped at an approprlate scale for the resolutlon
requ::.red"

o In what geographic coordinate system are the data recorded?
What complications will occur in converting the data if con-
version becames necessary? Will accuracy or resolutlon be
lost in the process? :

o What process was used to collect the- r:latar'> Do statements
~ about the prec:.smn and accuracy of the data acccx*tpany the
set? .

| 0 Are the data uniform? . Is the medium on Whth they are
" recorded also uniform and free from the klnd of dlstortlon
found in some aerial photos. :

o Are the data truly available? Who cwns them? Are they in the
public domain? Can "originals" be obtained, or only copies;
what information is lost in the copying process?

o . Are there adnunlstratlve obstacles precluding use of the
data? Are they subject to provisions of confidentiality?
Are they classified by the military?-

o How much time is required to obtain the data? How much time
must be allowed to reformat or encode them"

o W111 “information updates be avallable frcm the same source?
If not, will new updates, possibly from different processes,
mesh with existing data?

"0 When all oon51deratlons are comblned what w1ll the data
cost?

{(b) If you can't find data sets which meet your specifications--or
even if you can—--you may embark on a . data collection effort. 1In
many ways, if data which approximately meet your specifications
are available, the issue of whether to use them or collect your
own is much like the- issue of whether to buy a used or new car.
There are advantages, disadvantages and uncertainties associated
with both courses. of. action. . The decision can become very much
the classic avoidance-avoidance ‘conflict that college sophomores

~ learn about in psychology ‘courses: - the more you loock at other
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(c) |

. p‘eople"s data for your requirements, the more you want to

collect your own; the more you examine what you have to go

through to collect your own, the more attractlve the ex15t1ng
data seem.

If you decide to collect data anew many of the concerns for.
characteristics still apply but the question changes, from
"Do these data have the properties I want?" to "How do I con-

struct g process to produce the data and characteristics I want?" .

Probably the best advice to anyone planning a largé data collec—
tion effort is to start slowly... and carefully. In fact, with
all operations involving a data handling program, one should
probably use-a "10% planmning rule.” This rule says that if

X dollars is to be spent over a: perlod of time, then 10% X

dollars should be spent over the previous period on the same

. subject. . For example, if one million dollars is to 'be spent on

spatial information system development in a year's period, $100,000
should have been spent in the year before for planning, analysis,

-and testing. And, by extension, $10,000 should have been spent
~ the previous year before to determine how to spend the $100,000.

The 10% planning rule suggests, then, that a small but substan-
tial and representative amount of data be collected, encoded and
valldated before the ma]or data collectlon effort gets under way.

' The process of data collection rust be carefully plamned and ex-

ecuted. It is possible to spend a lot of money at it and wind

: up w1th noth:mg very useful. Among the pomts to consider are:

1) The work may well be contracted cut. Be sure that all
. understandings- with the contracting firm are both
written down and corpletely comprehended by both parties.

'2) There aren't very many firms in the country that do good
intermediate and high altitude orthophoto work.. Those
that exrst are scheduled for months or years in advance.

3) Rigid timetables for collect:.on of data about the environ—

ment cannot be followed. Clouds form, trees get leaves,
airplanes malfunction, the ground gets wet. Timetables
must be based on probabilities.

A rat_her special sort of data is available to states whlch Fits
neither the "find somecne else's" or "collect your own" situations.
These are data which are collected in an ongoing fashion by satel-
lite or high altitude aircraft and made available by the Federal

~ govermwent..  These data primarily depict land cover (from which,

©.in many 1nstances, land use may be determined). The use of data

. collected in this way has a number of advantages. Among thems:

(1) the data may be obtained in already digitized form on compu-
ter tapes, (2) updating takes place on a periodic basis, (3) a



5.

1arge portlon of the cost is bome by the U.S. Government, and

' (4) computer programs are ava1] ab'le 0. manlpulate these data.

'There are two ba51c programs under th.ch ‘such data 'nay he ob-
‘tained: (1) The Land Use Data and Analysis (LUPA) program of
. the U.S. Geological Survey, and (2) The Earth Resources Data
Analysis System  (ERDAS) of the Natlonal Aeronautlcs and Space

Administration.

e 'I'he aholce of whlch group to get mvolved w1th, if elther is

one that requires a great deal of study and no small amount of
technical exoertlse. ' Amonq those milti-state organizations

which have beesn invclved in such study are the Mational Conference
of State legislatures headquartered. in Denver, ‘Colorado; The
Council of State Govermments headquartered in Iexmgton, Rentucky;
and the Southern Growth Policies Board headquart.,red in Research

"'I‘rlangle Park, '\Iorth Carol:.na

Ba51cally the LUDA program cons1sts of extenswe map and tape

" products depicting Land Use/Land Cover in an already defined

(for the most part) categorization scheme. ' The IIDA system pro-

_duces: primarily a comprehensive mapping at-a scale of 1:250,000

on the UM grid. The potentlal resolutlon of the systan is in
the 10 to 40 acre range. :

For a state to avail itself of the LUDA mapping program it enters
"~ - into a 50-50 cost sharlng arrangement w:.th the UQGS the cost of

compiling LUDA products is about $1.30 per square ‘mile without
either flying costs- (if any) or photo-reproduction costs ‘being
mcluded Updat:.ng might be expected every five years. } “‘ :

“The ERDAS program of NASA also uses both LANDSAT: satelllte and

high altitude aircraft data. Here, however, the user has the
option=--and the headache——of deriving his own cateqorlzatlon
scheme or choosing. ambng those suggested by the agency or’ commer-
cial firms which market the products. The data which come from
NASA are much less predigested, which puts added responsibility
and caoablllty in the hands of system developers., While the ERDAS
system can also produce color coded maps—-seexnlngly at about the -

' same cost as LUDA--the enphasis is more on the discrete symbols

representing the digital input from the multi-spectral scanners.
in the satellite 'or aircraft.  The resolution of the data is based

‘on a satellite picture element (pixel) of about one acre. Updat-

ing. could occur more often than monthly if desired and if the
clouds cooperate. Three camputer tapes can cover a state; the

UM grid is used.

Put the data acguired into proper form for mclus:Lon J.n the spatlal _
mformatlon system data hade.’ :

This process will be dlscussed in more detall in the néext Part
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‘BaSJ.calTy, the orccess of encodlna _the data means transformmq it ‘
~ from the hasic form in which it is collected (or accuired if already

collected data are.-nsed) into the symholic or. graphic' form required

' by the spatial information system. The process depends on the types
. of data, the precisions recuired, the equlmnent available, the-

scheme used to represent the. fiata in. computer memory (called the
storage naradlqm) ‘and other factors N , .

S .
A T,

Chack the accuracy of cavh step of the coﬂectmq or: reformating
process; also.check the first form of the data agamst the forn in .
the soatlal inforation sgstem. : Coe :

"1’wo eJ a“tcnts must be. constantly mom _nred (a) the process of
_collecting and reformating the data, and (b) the quality of the data ~
" themselves. - Perhaps the most important statement that can be made

about this "checkmg" process is that it be accamplished by scmeone

other than the person or grcup doing the data collectlon.

‘Such J.ndependent checklnq has many v1rtu°s- - it prov1des for a more
objectlve view bv those domq the checkmg,- it assures-that the check-
ing activity is a project in itself and not just an adjunct to the
data collection effort- it reduces the temptation to use the same
techniques to check the data as are used to develop the data, and

: others .

Thcre must bhe more £6 the checking process than simply ascertaining
and reporting error rates, An understandmg of why errors occur
must be developed. If the encoded value for evaluation at a certain
point ‘is 1023 feet and a checker with an altimeter' set on the spot
finds 999 feet, what happened? Was the problem one in measuring
altitude? Are the positional coordinates off? Is there some syste-

:matic or random error in.the encodm'r process or eoruipme’nt?

'_It is vital to understand that all larqe -data bas 25 contam errors.

If a variable in a data base is a continucus guantity, such as eleva-
tion, there will be. values outside the established accuracy standards..
If the base is one of. classifications, such as land use-activity,

o ‘same uses will be misclassified. If the base is geographlcally

referenced, there will be disagreements of actual locations between

. points of the earth's surface and where the system has them located.
. The purpose of Valldatlnq data is to develop an understanding of how

great these error rates are and, 1f they are too great, take steps to
reduce them. : :

Repeat steps 4, 5, and '6 for the cEmplete set of data for the base.

‘ Realve, however, that the data base will be a growing,. evolving thmg,

supplying useful information to dec:.s:Lonmakers into theé next century.
These ‘steps are simply the first ones. By the time the pilot data .
have been sat1 sfar*torlly collected or ar'oulred v encoded, and validated,

-----_-'---—-
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the data base develcorers should have a firm grasp bn the associateti

problems, costs and techniques. There should be same seriovs thought
on the differences between the pilot project and the major data—gather-
ing effort.

' Theré shou.l’d be no letup in the testing of data as they came in and

are encoded. And if you really want to put your data collection tech-
niques on the line, recollect some data from the pilot area and cam-

' pare it against that originally collected, The results of that may

be very instructive, if disheartening.

One of the worst losses at this point can be of key personnel, now -
much more valuable than when the pilot data collection began. Their

importance to the success of the system should be recogmzed and
’approprlately campensated, if possible.

Emplsy technlques for monitoring and uoda+ ing the data base.

Even as the major data bhase collection effort is golng on, the world
will be changing and new problems will be appearing; updating must be
a constant activity to keep the data base rea.sonably current.
(Barrett, 1969; Teitz, 1966)
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PART F

Engredaents of a Spatnal information System

What is the process which "churns" data into products.- What is the
mechanism which fills the needs for information at the Federal, state, and .
local level to improve the decisions about land and resource use-~decisions
which will affect our lives and our children's lives. We've glven a name -
to it: spatial information system.” In Part A, we described it in general
terms and put it in context. Part B suggested some uses for it. Part C
indicated how one might assess a need for it. In Parts D and E we talked
about its.output (products) and its input (data). Now finally, we identify
some of the components of the mechanism itself, some facets of the process
which make it all happen.

In the present section we present discussions of components of a spa-
tial information system rather than discussions of how to put one together.
Another document, available from the same source as this one, called
Avoiding System Failure; Approaches to ‘Integrity and Utility, suggests ways
to avoid error when building a system. This section 1s rather more like a
set of archltect's drawings which show details of the structure rather than
a manual on how to assemble it. There are many ways to look at the mgredl-
ents of a spatial information system. Those we have chosen are:

Impetus for Development: Focused and Panoramic
Time and Money

System Development: A Set of Four Steps

People: Managers, Developers, Experts, and Users
System Design: The Elements

BEquipment: The Gadgets

The Procedures: For Pecple, for Machines

©C 0 00000

Impetus for Development: Focused and Panoramic

There has to be a push for the development of a spatial information
system from somewhere. Someone with large responsibility has to have a
relatively long range problem to solve; also, he must believe that a portion

~ of the solution will come from information generated by a system which can

process spatial data. In the paper Awoiding System Failure, there is a de-
tailed discussion of how lack of commitment can scuttle a spatial information -
system proiject, either initially or after work is well underway.

One wants a spatial information system which has both current utility
and the generality required for growth.

Cne key to the successful development of such a system is to focus de-
velopment around a relatively high priority problem (or a set of them) and
at the same time take a broad view of the entire spatial-data issue. It is
important not to close off options which would let the system grow over the
years to the point where it could deal with spatial data in any form and
interface that with other types of data. To ask a program manager to general—
ize the capabilities of the tool he is building for a specific purpose is not
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easy, especially when deadlines hecame tight and money short, but doing so
is the ksy to avoiding a plethora of non-standard, non-commmicating spatial
information systems in the future.

Time and Monev

A state cannct frivelously take up the task of development. The costs
are high, although they appear miniscule in terms of the potential benefits.
Costs must be measured in- terms of mlllons Qf dollars—-perhaps up to twenty.

Perhaps more important than monetary costs dre time exmenditures. For
one thing, the pessage of time is a more obvicus phenamencm than the transfer
of money. For another, in same endeavors an increase in the financial expendi-
ture will not result in a decrease in the amount of time required to produce
a quality product. Even the well honored bhureaucratic maxm, "There's never
time to do it right but always time to do it over," prcbably isn't apnlicable.
A gemrap‘uc or land information system which fails will probably be the last

one in the vicinity for at least a couple of ge;m.ratlons of state administra-
tions.

Figure on five to eight years for development of a garden-variety auto-
mated spatial information svstem. Usefulness of some of the interim develop—
ments, such as base maps or photos, might begin at the end of three years.
For a fully cperaticnal system serving the state, reglcnal county, city and
Federal level--including advertlsmg, marketing and familiarization—plan op-
timistically on a decade.

On the other hand, a decade doesn't seem too 1long, considering that the
uses to which the land is +¢ be put will probably affect the citizenry for
ten to one hundred decades. In England, 999 vear leases are given—--and some
¢f them are now coming up for renewal—which implies that some relatively
long range plans do get mede for land. There are many problems today, now,
which could benefit fram a spatial information system. For the most part,
we do not have available the systems we would like to help us deal with them.
_ But ther= will also be problems to solve in ten years and we do have the option
of dealing with them with nsw tools if we start now.

System Development: A Set of Four Steps

One ingredient for successful development of a spatial information
system is a plan for the activities which produce it. Although the develop-
ment process is continucus, it is possible to lock at it in stages as well=——
provided there is an understanding that the boundaries between stages are
not rigid.

Four stages——or processes--which encampass both the assembly and oper-
ation of a spatial information system will now be discussed. These stages
involve the conception, design, construction, and operation of a typical
spatial system.

Conception — the process which leads to the decision to huild a
spatial information system. It solidifies the impetus for
develomment; defines the balance between focus on particular
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issues and the generalities of the system; defines the
- - " soope of the system; identifies major participants (sponsors,
¢ designers, constructors, users); determines general philosophy;
and assures comm.tment 1o the progect (polltlcal, administra-
tive, monetary)

Design — the process of translatlng the general directives produced
. by the previous phase into a detailed and precise description |
- of the spatial information system; the process takes place .
with the resources provided by the previous phase and within
constraints of time, money, talent, and overall objectives.

Construction -- the process of building the system according to the

-+~ prescriptions of the design phase. Data are collected and
reformated; procedures for cperation are developed and if
-the system is automated, ;oomputer programs are wrltten arid’
the entlre system is tested.

Operatlon — the process of making the spatlal information system
‘available to the user/client for decision-making. Operation
is considered a part of develognent, rather than a separate o
activity, because the system is constantly changing as it is used
Operation includes day~to-day management, user/client relations,
-monitoring, ‘and obtaining user/client feedback, new problem
applications, data base update and augnentatlon, system mam—v
tenance, charging for services, etc.

The People

Conception -- In the conception phase are elected officials and their
designated administrators who must provide the go ahead for the development
of a system as la.rge and expensive as a generalized spatial information sys—
tem must be. It is important to understand both their backgrounds, the con- . -
straints under which they operate, and that they must deal with a myriad of
issues. Information which comes to them, whether from a spatial information
system or about the development of a spat1a1 information: system', must be
clear and con01se.,

Another group of people in the conceptlon phase are the backers’ or
sponsors of the development effort. They may be the same as the elected
officials or they may not be. (In fact, throughout this discussion the
reader should be aware that, although we identify different types .or groups
of participants in a spatial information system development project, many
of them may be the same people, wearing "different hats" at different times. =
It is still useful to describe them by role as we are doing.) The sponsors
are making an investment in the system and they expect something from that
investment. Most lJ_kely, although such a system has capabilities for.
doing research, what is expected is a product which can aid in de01510n-'
making. The role of the sponsor -and his view of the objectives. of the sys-
- tem should be carefully examined and understood. The sponsor must spend
much money and wait for quite a“time tosée results; his level of commitment
must be high and ongolng One of the easiest ways to fail with a spatial
information system is to oversell the sponsor by implying system Capablll— ‘
ties and tmetables which are overly optimistic. :



. The key managers of the develo;ment process w111 probably be ldentl—
. fied durlng the conception phase. The plural, "managers", is used because
no one is capable of managlnq the entire show with the depth of understand-
ing across the breadth of issues which must be faced. The management team

must have strong administrative capabilities, appreciation for the problems -

that the spatial information system hopes to help solve, a comprehension of
the balance between the art of planning and the several sciences which

'suppoft it, and the technical understanding of the-complex process which be-

. gins determining needs for 1nfomat10n and ends with the use of products :
' pmduced to fill those needs.

Fmally, in the conception phase, are the potentlal users. Having
them involved at the initial stage is central to. the success of the project.
Same of them may be sponscrs, elected officials, or managers as described
‘above; many of them will not be; but their inputs are Stlll vital.

. ; Deslg'n The de81gners have the task of taking the general desire
 of the system conceivers, together with many constraints,-and producing a
blueprint for the system. They, more than anyone else, must understand
the entire process and it is on their shoulders that the utility and long-

evity of the system rests. While there are recognized patterns of the
design process, there is no formmla for good design. Our advice is to find
-the best and most experienced people available and let them go to work.

o Additional funds spent on good design can produce savmgs in the construc-
B tlon and operatlon phases.

This is not to 1mply that the design team should become a sacred cow.
Its’ work should be carefully monitored bv the managers of the develomment
-effort, both to be certain that the des:.gn is proceeding along lines con-
sistent with the objectlvee, and to insure technical quality. Designers
are creative. people who are capable of (1) producing innovative approaches

Coand also (2) going off on tangents. Knowing the dlfference is the managing
~ _"_team s respons:.blllty o '

It is probably a mlstake to contract out the des:.gn portion of a’
spatlal information system. The designers should be those who have an on-

- -going commitment to the task and who will be around to install the inevi-
- table modlflcatlons to the system.

Construction —- Three pr:mary tasks must be -done during the construc-
tlon phase: define procedures, collect data, and perhaps write programs.
'~ One of the stickiest problems is integrating these activities, which will.
go on smmltaneously, s0 that the resulting endpoints are compatible.

" The deve10pment of procedures—-guldebooks, forms, organlzatlonal
‘hierarchy—is probably best done by the managers of the entire development
project. In this endeavor they should have some help from the user commu-
nity and people who are experts in continuous, stable operations. There is
quite a difference between project or development work and ongoing service
-work. ' They require different mental and emotional approaches not usually
found 1n the same mdlv:Ldual
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Data collectors and data converters may come in many different quises

just as do the data themselves. Doubtless some of this work will be contract-

ed out. ' The ‘system designers must have drawn tight specifications for the

-quality (prec:.smn, accuracy, timeliness, etc.) of the data. Everything -

must be written down and also understood. Pointing out the fine print:to a

. ,contractor, ‘after half a million has been spent gathermg data 'which won't
~work, doesn't benefit anyone. Concrete is being poured during this process
-and the. monitoring must therefore be close to perfect. The collection of

data in a fairlv large pilot is worth it——if only to detemune how to write .
the specifications for the larger data collectlon effort. -

o Data c*onvers:.on——for example, e.xtractlng numbers and symbols from
maps thmugh a process called dlgltlzatlon—-must also be carefully’ mom—-

. tored and checked, whether the work is. done J_n-house or contracted out.

A third group. of people upon whom the success of an automated spatial

information system depends is ccmposed of computer programmers and their
" managers. Getting computers progranmed correctly, the first time, is a real

trick. A discussion of the process is deferred to the discussion on “Pro-
cedures" ‘at the end of ‘this section.

Operatlon -_— The most Jmportant poople in: the operatlon phase of a
spatlal information system are the users or clients. There is no . reason to
develop a spatlal informaticn system unless its products are used.

There is. simply no such thing as a static operational phase for a

. spatial information system. The user community is dynamic, changing, faced
“with new problems, becoming more educated and sophisticated, -enlarging.as:

the word about the spatial information system spreads. .Users are also
often wrong about what their real needs are-~a fact which comes out after

" the product they specified turns out to be inappropriate. 2ll of this.

implies that the operation phase of a spatial information system must be
flexible. : 4

. Thus, the interface between the gpatial information system and its
users must be of great concern to the managers. Those staffing the inter-

o face should have several qualifications and abilities:

(1) An mterest in and some understanding of the problems the
. users are trying to solve; :

{2) An understandlng of -the assumptions underlying the . system,

(3) '‘An understanding of the products of the system.

The extent to which the system is serving the user community should
be constantly monitored, Feedback from users should be obtained in at
least two ways: (1) the interfacing staff should be sensitive to com-
plaints or camments or suggestions regarding system operation and products,
and (2) a periodic polling of users, usually with a-written form or .
carefully designed interview. The results of both approaches should be

‘written down, kept, and carefully reviewed -from time to time. .Outlandish

user requests one year may not seem so far out the next. As we illustrated
with the diagram at the beginning of Part C, the capabilities of the spa-
tial information system will create new "needs" in the user community.

The managers of the spatial information system must be perceptive of and
receptive to those needs,



68

A spatial information system will not "self-market". The opera-
tions staff of the spatial information system rust contain a marketing
camponent which- may or may not be part of the interface staff. There is
a great deal of inertia which will prevent govermments and their
offices from making use of new and better information unless specific
action is taken to make them aware of the advantages. The marketers
should also be on the alert for hints from potential users which might
1mply new areas of need that the spatial mformatlon system. could fuifill.

Flnally, to keep a spatlal 1nfonnat10n system working requlres, in’

smaller degrees, all of the types of people found in the first three

-~ phases. There must he sponsors of the operatlon. Bven if these sponsors

are, for the most part, users who ars paving for the system through fees,
there will probably still be additions to the system which the fees won't
cover. The design of the system will be modified time and again, usually
in gmall ways. But env changes must be made with their effect on the

total system well uncerstood. Thus, retaining some of the senior system

design staff is vital. Design changes need to be implemented so the data

"~ collectors and programrers should be available.  Again, if the people who

did the original work are around, the advantage is conhsiderable, provided
they documented what they did so that they can recall it with reasonable

effort. If it isn't documented and they aren't around, you might as well

start over.

System Desigﬁ: The Elements

4 What -follows here is a simple list of things that designers of a
spatlal information system should generally think about. Many of the
"elements" mentioned are interrelated, but these interrelationships are
not dealt with here. The following discussion centers around the question
of "what needs to be done" rather than. "how to do it."  The reader

interested in details of system design may refer to other documents as -
indicated in the Resources.

A Storage Paradigm:

This discussion perta:ms to any system in which 1nformat:|.on about
the enviromment is stored in discrete symbols (numbers, letters, special
characters). How can the continuum of the environment be represented in
the data base of a digital computer system? There are at least three

. answers: idealization, aggregatlon, and probablllzatlon.

In idealization, easily manipulated symbols are substituted for
actual, three-dimensicnal, real world cbjects. For example, an oil well
can be represented by a point, or a gas transmission system can be '
represented by a sequence of straight lines.

In aggregation, entities having somewhat similar characteristics
are put together.’ For example, saying a segment of a county has X acres
on which cotton is grown and Y acres where tobacco is grown is a state-—
ment of aggregation. = Information about where respective acreages of
crops are located is not in the statement.
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| In probablllzatlon or asswnptlon, data with an assumed degree of

.accuracy are interpolated or extrapolated to obtain new information that ,

is assumed to be correct. A point on’a topographic map rm.dway between

~ the 1250' ‘and 1260' elevation contours may be estimated to be located ‘at
. roughly ‘the 1255" level. (To get a better estimate, one might also con-
- sider the 1240' and 1270' contours.) 1In any event, the elevation.of such
‘a point is known to be not less than 1250' nor more than 1260" . Thus,

some- cases, there ‘are bounds on the error lntroduced by the process of

; probablllzatlon

Wlth these three approaches to usmg symbols to represent the en-
vironment, we describe some schemes Wthh have ‘been used or proposed for
storage of data on areas

Cell -- In this scheme a square or rectangular gr1d resemblmg a
checkerboard is superimposed over the area of interest. = Data within each -
square or rectangle may then be aggregated according to each type of -
variable. For example, if the variable is land use, the data recorded

- might be 35 percent type A, 20 percent type B, and 45 per cent type C. If "~
" the var:.a.ble is population by age, the data might be 1-5 years (52 people) ,-

6-8 years (24 people), etc. The Land Use and Natural Resource System

(LUNR) developed by New York State is an example of an operatlonal cell
system. (Crowder, 1974) .

Because the same geographical units are ‘used for each varlable, data
in a cell system may be easily compared. This is an advantage for most
analysis _technlques. Suppose the spatial information system contained data
.about population density and land value in the form of two different varJ.-

. ables—-cell by cell--to suggest sites which would bé inexpensive and dis- -

turb few people. One procedure for doing this might involve generatlon of

. a translucent map with the cells for each variable expressed in shades of

gray. A’ darker shade might be used to indicate the less desirable (greater .

g populatlon or higher land value) condition of the cell. Then, by shining

a light through the two maps, laid one on the other, cells in which de--

‘velopment might be acceptable could be hlghllghted This technique is
_called overlaylng (McHarg 1969) ” .

oOverlaying can also be done arithmetically. Rather than visual
shades of gray, a "value" number between 1 and 10 is assigned to each of -
the two variables for each cell. A computer can be programmed to add these.
two numbers and produce a composite value for each cell. The lower the -

canposite value, the more desirable the cell. (Dangermond and Antennucci,
1974) . : -

There also are several dlsadvantages to the cell system. Any cell

'systen implies a level of aggregatlon which must be a compramise among all

the variables stored. A cell size must be chosen. For exanple, a square
kilameter might be too large for some applications and data or too small
for others. Another disadvantage is the loss of geographlc -specificity.
Data may show, for example, that 10 percent. of the soil in a cell is type
A and that 10 percent of the cell area is in shope category X. These data
together, however, cannot tell whether soil type\A exists at SpelelC '
points having an X slope-—information that may be.wvital in some cases.
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Once data are collected at one cell size,. they cannot be ea51ly
dlsagqregated or converted. 1In addition, a real commitment is made when
the checkerboard pattern is decided, since data are collected within .
cells -and .not across cells. Thus, any attempts to look at areas. whlch
cross cell bomdarles may be thwarted. (Maerckle:.n, 1968)

Polygon - A polygon system deplcts areas on the earth's surface
as -irregular geometric figures composed of three or more straight lines.
For exanmple, a vegetation map could be depicted as a set of figures hav1ng
lines that enclose similar vegetatlon types. Such representations can be
stored on a map as well as in the memory of a computer, by fixing the co-
ordinates of each point and mdlcatlng that there are lines between the
points. An operational example of a polygon system .is the U.S. Department
of the Interior's Bureau of Land Management and Bureau of Indian Affairs
Natural Resource Informatlon System. (Boeing Camputer Services, 1972;

ytheon, 1973) v S . ‘

One 'advantage of a polygoﬁ is its geographic specificity. Although
some’ prec:Lsmn is surrendered by limiting the system to straight lines:-
when curves occur in the real situation, this loss is minimal and can be

’offset by us1ng an increased nuwber of shorter, stralght line segments

- A major disadvantage of the polygon system is that data and the ; ‘
classification of data dictate the size, number, and configuration of the-

~polygons. This disadvantage involves several implications--mostly bad.

"' One example: If the question is asked of a polygon-based spatial infor-
mation system, "Here is a pair of coordinates, what's the soil type?" the

*system ‘must go through some real gymmastics to provide ari answer. (A cell |
-system, oh the other hand, can't answer this question at all, but it can

) 'say what percentage of each 'soil type is close by.)

" A more serlous disadvantage becames evident when a polygon system

"~ is asked to compare or overlay two or more variables (and keep in mind that

“the ablllty to do this is cited as a major reason to have a spatial infor-

mation system) Overlaying several polygon maps or several polygon compu-
ter' files to produce a composite is an extensive task. Even in the simple
case of three variables (A, B & C) with a triangle figure for each, the
sketch below demonstrates that an overlay process can yield 17 dlfferent
flgures
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“The practicality of searching several overlaid polygon files for

~a suitable site for, say, an airport.is, to understate the case, -limited--

even with high.speed computing equipment.. One approach is to record the
data with a polygon scheme but to process it into cells. This stores the
data or features in a .computer readable form as closely as possible to
the real world situation--a strong. advantage in the polygon technique.

. For manipulation and analysis, a new and separate file is created that has
. the polygon data a551gned to grid cells.. Such a combination technique pro-

vides flex:LbllJ_ty in ‘that if unanticipated resource management problems -

arise that: requ:.re data in another form or grid cell size, the original
‘polygon data -is available for ass:.gmrent to an. approprlate analys1s form.- :
(Durfee, 1974) _ B i _

Dot — Dot systems are relatJ.vely new. In a dot systegn'.‘a'regﬁlar |
pattermn of dots~-either square or hexagonal ~is imagined to lie over the

-geographic- area. -Then for each variable, such as soil type or land:use, -

a single data value is recorded. This value might be the most predem-:
inant soil type or 1land use w1thm the area surroundmg the dot or. it

mlght s:mply be the condltlon at the dot.

The dot system resembles a cell system WJ.th two major dlfferences:,'ﬂl'l '
(l) ‘the spacings between the dots is much smaller- than the distances be~.

‘tween centers of adjacent cells, and (2) only a single datum is recorded
' for each area surrounding the dot. An example of a dot system is the

LANDSAT information developed on a routine. basis by satellite. In this '.
system;, ;Lnfomatlon based on electromagnetic radiation at 'several wave-

* lengths:is available for dots which!: have an lmplled area, called a plcture
element or pixel; of about one acre.. : _ ‘

Another typc of dot system is the not-yet-—operatlonal dot. proba- '

| blllty gystem beinc developed by the University of Iouisville. In'this

system the datum stored at a dot is -the condition which is precmely at -

. that dot. There is the implication that the condition at the dot:is: rep—

resentative of the' condition of the:area surrounding the dot, but there -

" are'no-guarantees. Dot systems have the easy referencing and overlay:’, _
- capabilities of cell systems, the geographic specificity of polygon. sys— s

tems, and a rather: profound- internal .storage . advantage over either celd -
or polygon systems. The disadvantage is that they are based on the ldea
of homogeniety of the area surrounding the dot, as with the LANDSAT sys—
tem, or on probablllstlc measures as with the: I.oulsmlle system '

So what paradlgm should one use to represent the real world ina -
few symbols in a computer? Point and line data are not too much of a prob—~
lem because they do not account for wvery much of the data base and the '
issue of level of detail is not a factor. —The data are either recorded :
or not. But if the zero and one dimensional data are easy to deal-with, -
the representatlon of two dnmenﬂonal ohenmena ls ‘a dlff1 cult dealgn
decision.. , . : : :

Other Storage Consmeratlons

_ The storage of symbols is subject to a great many other considera—~
tm’w_s WhJ ch we touch 11qht1y on here.
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. . Area to be Covered — The total geographic area about which the
system is to store data. A good system'will be flexible erough to allow’

a variable t0 be stored in same geographical areas but not requlre that ~ |
it be stored in all. For example, a system which makes prov1smns for the -

storage of t_ldal wetlands data over an expanse of desert is wast'lng

, vsomethlng

Level of Resolution -- When mfonnatlon of: .the: spatlal type is .
stored in character form or in a computer memory, the issue of resolu-
tion becomes clearer than when information is stored in graphical or map
form.. For one thmg, the matter. of scale is involved. Resolution, then,

. is simply a measure cf precision. In other words, where are the marks on

the yard stick (or mile stick) that you lay down on the landscape? Are

they every 1000 feet, every 50 feet? If the variable involved were

"existence of surface water", would your system have the resolution to rem’

. cord a puddle, a swimming pool, a farm pond, or a large lake? Clearly, 1o

.. as fine, ‘which shows that careful planm_ng is required to develop a- system '

system is going 'to record puddles and any system which can t see a large
lake is in trouble.

A des:.gn deCJ.smn regardlng resolutlon is requlred early in the

‘_development of any system. The amount of data a system must handle in-

creases by a factor of four when the degree of resolution becomes twice
that will be: cost effectlve and respon51ve +to needs.

Decmlons regardlng land requlre dlverse and detalled information

N about persons, activities, events, and locations. Yet it is infeasible
- to record. individual observations for every person, activity, event, or -

. categories, events to. time perlods, and locations'to areas. The level of

location in a state. It is infeasible on-two grounds: - (1) interrelation~ -
ships among these observations are not well krown, and (2) we do not have . |
the ability to process that many observations. Consequently, it is neces- -

sary to abstract reality by aggregating persons to groups, activities to -

aggregation becomes a key issue in designing a spat1a1 ‘information system.

The data must be aggregated for efficient processing, yet must be detailed

enough-so as to investigate cause and effect relationships in order to

- estimate the consequences or J.mpacts of decisions regardmg land

The key point: is the tradeoff between collectlng and manlpulatmg
large amounts of detailed data versus aggregating .or abstracting map in-
formation into forms which can be incorporated into models which access

- the oonsequences of alternatlve courses of actlons or. decisions.

One capablllty that no operatlonal spatlal mFonnatlon system has
been able to evidence so far is changeable lévels of resolution for dif-

ferent variables and for different locations. If spatjal information sys- -

tems which deal mainly with the open spaces are ever to link up easily

with the geographic base files in urban areas, thlS problem mast be dealt .

with.

Data Volume —— By "multiplying” the area to be covered by the level :

of resolutlon, one obtains-approximately the volume of data which are to
be stored in the base. Every time a combination of storage scheme, area -
to be covered, and resolution is considered, a calculation of data volume
should be made. . The calculation can yield storage requirements so large -
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. as to send des:.gners scrambllng back to the draw:l.ng boards

Organlzatlon of Symbol Data —- It won t do just to drop all the numbers
and characters into a basket. . They must be placed in some order, whether
in a filing cabinet, on same magnetic medium, or into the memory of a camputer.
Same order must be imposed for a variable on the data so they can be found
when they are needed and can be compared with other data relatmg ‘to the
same geographic area. Even if the data volume is of a manageable size, poor :
organlzatlon can increase the bulk of space:required to store thésymbols.
To give an evexyday example, an office might allocate a single file drawer

" to files on other. companies. whose names begln with A, another with B, and so

on, such that 26 drawe:s are-allocated.  When the files are put in the drawers,
it will probably be discovered that some-drawers, maybe Q and Z, are virtually -
empty while others, like A, are not large enough to hold. the files.. One can .

_immediately think of different approaches to the problem——and that's just the

sort of technlcal matter which must ‘be- consm.dered no mtter what the storage o

Georeferencmg Systan -— Maps are flat and the earth's roxmd-x-bunpy but

" round.. Symbolic (rumbex, letter, character) representatlon ‘of the earth is’

neither flat nor round: = Several coordinate systems can be used to reference B
geographic data; among them. State Plane Coordinate, Universal Transverse -

Mercator (UIM), and latitude/longitude. All except "latltude/longltude" suffer,

from the distortion of trying to make a spherlcal thing flat., "Latitude/ --
longitude" suffers from not being based on ten (which people would 1ike) or
two (which computers would like) but on‘an awful comblnatlon of 360 and 60
whlch nobody likes except, perhaps, marlners of old. '

A spat:.a1 :Lnfonnatlon system must be able to acceprt data frcm varJ.ous o
sources ‘employing varying georeferencing schemes. A well designed spatial
information system should have the capability to convert an array of - diffetrent
schemes into a referencing technique based on latitude/longitude. ' The system
probably should also be capable of providing graphic information in a form -
correspondlng to.any of the more cammon georeferencing schemes. An automated

‘system that is to provide information for analysis and managément generally

should not bebased on' a scheme designed primarily for maps, - (Sinatra, €t al, -
1973; -Tennessee Valley Authority; 1974) If a manual spatial information- gystem

is employed, probably a partlcular georeferencmg scheme hased on mapped data :

should be used ' v

Class:.flcatlon Schemes -— Some of the data for a spatlal J.nformatlon
system will be of the continuous sort—-—elevat:.ons, for example. . But much of

the data will have to be put into categorles or classifications: land use’
-data, soil types, and so on. There is no perfect classification scheme for
" natural- phenomena Even simple ones which give every indication of holdlng

up, don’ t.. For the simplest example, "Variable: living systems——Class A
(plants) ; ‘Class B (animals)" would seem to-be a pretty basic, obvious scheme.

‘As it turns out, it doesn’'t campletely cover all cases.: O_ne’_ finds classes’ --
‘such as Class C (both) and Class D (neither) added to camplete it, and not- -
very satlsfactorlly. Once the impossibility of a completely true classifica-

tion. scheme is recognized, we can talk about characteristics of ‘4 good classi-
fication: scha*xe which will serve our needs, Such a scheme has the foll_ow:Lr\g

propertles :



o

It is standard.among those who use or might use it. =
It has rigorcus specifications for each class. ‘
Tt is augmentable; new classes may be added. _ '
The distinctions between‘classés are based on the most funda—-
mental properties of the variable. ‘
It is hierarchical in form. There are classes, sub—classes,
, ‘sub-sub~clas ses. .
o It is reflnable. - As more subtle mformatlon about classes 1s
. “developed, more hierarchical levels may be added.
o Tt can be J_mpleznented Specific 'data categories can be mven-
-+ toried in a timely and cost effective way. ’
o It meets specific program data requirements; classes of data
... reflect analy51s and managanent data needo : .

O 0 0o

(o]

It is almost always a mlstaJ\e to start from scratch in. the development’~
of a. class:.f:.catlon echeme without careful examination of what others, who.
have faced s;unllar problems, have done. There is an insidious danger in- -

herent in many classification schemes which cames into play when the classi- -

fied elements are compared with each other or with elements from another
scheme. The danger, simply stated; is this: Numbers are frequently used:

as class identifiers: first degree burns, eighth tallest mountain, resi-'.
dence at 324 Applegate Poad. Then, because a system of mathematical rules ' =
-+ for manipulating mumbers exists, someonemay incorrectly add or multiply
. classification codes to. get' a "result." - This error can occur in subtle ways.

‘Overlaying a gray tone map is really an addltlon process which may be ‘an’ 1n-—
‘ approprlate one. - :

Basmally and brle*‘ly, there are four kinds of numerlcal classﬁlca-
thIlS, each with its do's and don'ts: regarding arithmetic operations. 'I‘he
- first .is ncxmnal ‘Social Security Number 111-22-3333; Heavy Industry;

| “Car l_58, No arithmetic operatlons are valid for comblnlng nonu_nal classﬁr— o

. cations. - .

. The second type of clasification (or scallng, as 11: is called) is'

ordinal. - 1st, 2nd. A,B,C.  An implicit order exists by virtue of the symbols.

"A" is smaller than "B"” is smaller than "C". 2nd is louder than lst—-but not

A(necessarlly) twice as loud. One can't add or subtract such numbers and get

meaningful results. -

The third scallng type is called interval scallng. An example is the
Fahrenhelt temperature scale. If it is 20°Fone evening and 80°F the next day,
one may subtract and say 60°F warmer. But one may not say that it is four
times warmer at 80°F. One may add and subtract mterval scales but not multi-
ply or. d1v1de them. -

The fourth type of scallng is called ratlo scal.mg Here any normal :

arltl'metlc operations may be done. If one. person is two feet tall and another'

six feet tall, then one may say the second is four feet taller than the first
and the second is three times as tall as the first.

The moral of thls dlscussmn is: don't assume that it is valid to per— '

form arithmetic operations on mxmbers which are used to represent objects,
claSSJ.flcatlor\s, relatlonshlps, or idea. (Brandeis, 1973)
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Degree of Autemation == This is a verv diffi. cult issue to come to ’grinsj"'

‘with. Anv spatial information system is predl.cate‘d on the existence of a good
- set of base maps or photos. (Some good standards are TSG3 topographlc maps

and, where they exist, orthophctoquad sheets.) A system which operates solely.
with maps, photos, and visuals we call a manual spatial information system,

If some of the data in a spatial information system expressed are in terms of
gymhols (mmbers, letters, characters) “and these symbols are stored in and
processed by ‘a digital camputer, we have called the system an autcmated spatlal
information system.

How the $64,000 question is: Do you want a digital computer as part.of
your system? Expressing spatial data in svmbolic form is. relatively new and
not very easy. About the only thing which makes it feasible is the immense

© symbol manipulating hapabllltv that modern digital computers possess. (One

vample of this ability is arithmetic computation but there are others.) In -
short, symbolic rer)resentatlon is a poorer way to deal with graphic data than
are maps unless you make a fairly large conmitment in terms of data base size
and symbol processing capability. It may be possible to start adding digital
computer capability +0 a manual spatial information system on a small scale

and work up gradually; but it will require.careful cons:.deratmn of specn_flc

- objectives, not a genereﬂ "once over llf*htly with a camputer.”

Many manual processes, such as accomtmq, matrix inversion, and parts '
inventory, have been autamated in. the last thirty years by having a digital
computer emlate the manual process already in use. But there aren't any man—'
val, symbol-bas ed processes for manipulating spatial information because symbol-
based spatial processes are too cumbersame conpared with graphic processes, am-
less. you have the capability of storing vast numbers of symbols (hundreds of
millions) and manipulating them very cuickly (millions of operatlons per second).
Thus, automatlng the production of information for decision-making in our area
of interest is not simply a matter of applying a computer to an existing
system but rather devising completely new ter:nn:Lques° It s qulte an undertakmg.
(Deatsc'h 1966; Weller, 1971) .

Equipment

Other reports in this series contain an extensive description of hard<' '
waxre (equmrunt) usefil in spatial information systems. These reports include’
a technical discussion of: drafting equipment, autcmatic plotters, digitizers -
for automatic ccordinate generation, computers (memory), storage dev:Lces, mput
and output units, mini-camputers, and other components.

Here we wish only to make a few.cormnents about equipnent in general:

1. Buying equicment is one of the easier things to do (if you have ‘the

money) but one of the hardest thjngs to live with if_ you make a mistake.

2. There has been noted a peculiar fascination on the part of same
spatial information system developers with equipment—to the extent that otner
factors, more cantral to the success of the systen, were ignored.

3. Don t buy any p:Leca of hardware until you have seen it work in an
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apohr* ztion €1l‘11181” to yours. 2Avoid like the plague untested equirment, re-
gardless of p*am_f*c'-:o : . .

4. Costs nf electronic computing eqummcnt and storage. of symbol in-
formation is, 'nlike everything else, coming down in price. :

5. Interconnections ketween items of equipment ovc different manu—
facturers is potentially trouclesome. In.a field such as “this, where hybrid’

systems are likely, special attention must be paid to the 1nterfaces etween.
items.

6. The issus of fixing an item of eguipment when it breaks is qulte im-
portant. If one thing stoos for three weeks, everyfm_nq else may stop also. .
7.  The conversior of an automated system from one cawputer to another
is a nlghtmam to he avcided. If you plan to use some central camputing fa-.
c111tv on a c*ontlnhmg basis, be sure there are plans to keep the machl_ne for
a few years. .

8. Well-known conmputer manufacturers have heen known to decide suddenly -
to go out of business with precious littie regard for their customers. Any '
contract with a computer manufacturer, which entails support in terms of main-~
tenance and programs, should be sufficient by itself and not based on the assump-
tion that the menufacturer will continue to be around after the expiration of
the contrac*t. »

”‘he Procedures: For Pecole, for Machines

For Ppople - Making a spatial information systm useful to 1ts users
thuld he a process which takes place over a period of time. Fortunately, a
patial information system does not have to function like a moon rocket. For
exarrole, the base meps can bs available for the user community well before scme
of the other preducts are. This means that there can be some leisure associated
with developing the procedures which bprescribe how the system is used.

As long as the remarks in this section are kept in mind, the precise
lines_alonq which requests and information flow can be allowed to evolve. For
 extamnle, if some printed form seems to be desirable, it would probably be a
‘good 1r“ea to nvoduce a few of them for trial before ordering a long-term supply.

A few items in the procecures for pecple arsa should get attention early,
in the design phase:

1. The guestion of confidentiality and access. Who may use the . .
gystem? Who may get informaticn from the system? Who may put
- information into it? Are scme parts of the data base restricted
from sore users?

2. How are the services paid for? In an automated spatial informa-
' tion gystem which operates on a central computing facility there
will at least be a charge for computer services. How the spatial
. information system group passes this charge along to the user (if
it does) and how much additional is charged should be considered. .

-
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- Only one thing is certain: costs will change and the charglng
scheme must be flexible over time.

3. As the system becanes loaded with xequests for information,
the question of priority for certain users Wlll develop. How
and by whom will confiicts be decided?

For Machines —- If one can afford to be somewhat relaxed about develop—’
ing procedures for pecple to follow in using a spatial information system,
the exact opposite is true when it comes to developing procedures for machines-
to follow. For exangple, computer programs (and other software) have got to
be almost perfect the first time they are used in real situations or the
system stands a real chance of going down the drain for lack of credibility.

In an autcomated spatial information systen computer prograrmers will be
involved. In the great majority of cases, cauputer procramming for large
projects is an abysmal failure. (It's bad for small projects, too, but there
it can be redcne until success is obtained.) Probably the best way to handle
the computer programming is by contracting it out, specifying the entire pack-
age and gcing to a single contractor. The inputs (data and parameter types),

-+ the techniques for manipulating the inputs into outputs (products), and the

outputs themselves must be carefully specified. Such a procedure limits flex-—

ibility during construction and puts a substantial load on the design staff
to be precise; nonetheless, it is necessary.

The computer progranmers for the project will not, with rare exception,
have much of an overview of the objectives of the total effort. If they are
good programmers, they have their minds full just writing and testlng the
instructions which will make the machine behave.

'While camouter programming is still an art, there are some definite pro-
cedures which should be followed to raise the success rate. First, a large
number of small programs, called modules, should be written and linked: together
rather than having a few larger programs. Secondly, every program should be
carefully documented so that, if the original programmer leaves, someone else
will be able to understand the program. A new concept in camputer program oon—‘
struction, called the chief programmer team, has been successfully emploved
on-same large projects. Same investigation into this approach as well as the
technique of structured programming is wortlhwhile prior to undertaking any
large programming project. -

Finally, there is the subject of testing. In hopes that a very short
statement on a vital subject will be remembered in toto, we state: Any auto-
mated spatial information system developers who don't take tésting seriously
enough to institute an independent, intensive testing program will live with
a buggy system for years—-if the system survives.
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- ds-to develop and validate a hierarchy of ‘empirical ‘medels
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i,w1th substant1a1 rura] fr1nges ' o

o fZQifLand-Hse ana]ys1s 10 deve]on the bas1s for: soatia11v
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o menta1 qua11ty ‘of. txe system :
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© ABSTRACT:

Deutsch, K W.,

The inventory pfov1des 1nformat1on essent1a1 to land
development planning -at.the municinal, provincial and

‘federal levels. ‘Land is classified as, to its capabilities
~and a firm estimate is made of ‘the extent and location
- of each land class. Land is classified according to:

physical capability for use in agr1cu1ture, forestr/, v
recreation,. and wildlife;-and its present-use. Informat1on
is also presented -on soil capab111t1es, freshwater

- capanility for sport fish, soc1o‘econom1c classification
- of land, and agro—c1imaticic1assification

19665 On Theorles Taxonom1es, and Mode]s as Commun1cat1on

Codes for Organ1z1ng Informat1on° Behavior Science, 1 - 17, February.

 ABSTRACT:

Durfee, R. C.

Better schemas for organizing the ava11ab1e 1nformat10n .
are critically needed if the full potential of electronic .
data storage and retrieval is to-be utilized:. Some of '
; the main considerations relevant for developing better

" methods for the eva]uat1on of such -schemes are considered

- from the viewpoint of communication in both its technical
and soc1a1}aspects Examples are given from current
theories of natjqnaiism,'power,.and>va1ue.

,. 19743 ORRMIS: Oak Ridge Regional Modeling Information

~ System, Part I, ORNL- NSF EP-73, Oak Ridge Nat1ona1 Laboratory,
- Oak Ridge, Tennessee

‘ABSTRACT :

A geograph1ca1]y or1ented 1nformat1on system is being
developned by the Regional Environmental Systems Analysis
Program at-Oak Ridge National Laboratory. (ORNL). The

 system ‘is ‘being designed: to operate either as a stand-alone

“inguiry-retrieval system or as' a communications supervisor

' - for use with simulation models. The primary purpose of

ORRMIS s to provide the data management capability for
analysis models which.forecast the spatial distribution-
and ecological effects of activities within a geographical
reg1on The- geographic orientation of the system may,
nowever, be replaced with a more general adJacency '
relationship thereb/ extend1ng its usa to non- geoqraph1c

v‘mode]s

L"nvwonment.‘;ﬂ Systems Rasearch Inst1tute 1974, Informat1on Needs for
Hew Castle County,Area Wide Water Oua11fy Managembnt P]ann1ng Proqram,
Redlands,: California.

'ABSTRACT:

Information, orob1ems, and so1ut1ons re]at1ng to the New
Castle County, Delaware, Area Wide Water Quality Management

| -Planning Program sponsored by the U.S. Environmental Pro-

tection Agency under S@ct1on 208 of Puh11c Law 92-500 are
nresented. .



The report grew from a nead to hﬂtter undprstand data
-and’ 1nfornat1on requIrements necessary for anL1c1pated ,
" prohlems” and dec1s1ons that will occur not only during
'the ‘two year planniig. prooram efforc, but during. onqo1nn
_“'Tmnlempnuat1on and management of the p1ans or1q1nat1nq
v~jfrom th1s proqram '

[

. Tne body of” the report presen+s four major. cateaor1es
‘fof 1nvest1gat1on‘ -'f‘ L. ;n B _‘ffA,ﬂ

=j;31.AfThe Data Pequ1rements v‘e-cessaw to’ Sunport
0T Program Decision Makine

... The Data Sources ‘Available within the Founty :

. TA Design’ for an Eff1c1°nt an Smrﬂn Informat1on

oo e System B
f”IVf"%n Out11ne for Imn]ementat1on of the’ ~.js'cem.

: The techn1oues for. 1nformat1on hand11ng and ana]ys1s

"deséribed in the report will not answer all of the informa-

,tion needs of the agency. It is felt, however, that the
" -systems pr;sented herein will be mora tnan uff1c1ent 4
. for the"majority of information needs. It is furthermore
-félt that the s1mn11c1ty of ‘the information structure.
-Fprov1des for a completely - flexinTe appreach tn-inclusion
'1;of data e]ementa, data process1nq, and ana1Js1s

Th1s ‘System was” 1n1t1a11y dcs1ﬂnnd for-area wide ”
o ”ater quality management during. the initial planning.
TeUL e D stddas (the next 2 ears), as well as the continuing
RS “*‘?;hf“management staqn In addition, its ‘future as a tool
-~ for many of the city, county and state agencies involved.
in environmental and land use issues can he exténsive.
" Similar systéms déveloned for ‘the State of Maryland, the
County of Santa Barbara, and tha F1+y of Yokohama, Japan,

f”*nave proven 1o be w1de1y used for a var1ety of aool1cat1ons.

' Fa man, M., M1verna1t J (Eds:), 19693 Pﬁrt1nent Foncepts in Computer =
Graph1cs- Procee d1ngs of the'2nd University of 111inois Conference
.on’ Comnuter Froph1cs, University of I11inois Press, Urbana, I1linois

A"QTRAFT A series of papers is presented on a broad c]ass of interests

in the area of computer granhics, ranging from devices
throuan techniques -(both hardware and software), systems,
' anol1cat1ons and under]y1nc pr1nc1n1es

Frye, J. C., 1967 Feo]og1ca1 Infornat1on for Hanan1na Lhe an1ronnent,
1111n015 ”aoion1ca1 Survey," Environmental Gsoloqy Notes 18,
ABSTRACT: " The factual data nseded from the earth sciences by the
T planner and administrator are discussed under 4 broad

‘categories: data on the terrain; data for management and -

disposal of wastes; data for water resource development and

management; and data on tne full range of usable rock and
mineral materials and subsurface fluids. These 4 areas of

: anp11cau1on taken as an integrated whole can be termed
environmental qeo]ogj



AL N BN NN EN EE EE .

Haak, d

1967 Tfe Evolution of a Netropo11tan Jata Sjstnm, Urban

Affa1rs Quarte*ly, 3,.3. - 13.

ARSTRACT:

A]ihough a revolution haq taken place in data processing,
the development of metropolitan information or data
systpms requires an evolutionary apnroacn The San Dieqo
approaches to data exchandgé systems s discussed and the
Tegal aspects are. cons1dered

Haak, H. H.; B1gger, W. R., 19665 A Coordinated Data sttem for Metro-
po11tan San .Diego Pub11c Affa1r< Research Instwtute San NDieqo
State Collage, San Diego, California.

' ABSTRA T:

Hano]d J. L., 19724 Mapping and Digital Information Systems; Proceedings of

A prn11m1nary study was undertaken of t“e des1rab111tv and
feasibility of a coerdinated metropo]1tan data 5jstem

emoloy1no alactronic data processing equinment. - The study
involved: accumulatior and analysis of materials nroduced

‘as tha result of other projects similar to that under

consideration here; review of programs now in operation
and proposed by the city, the county, .the scﬁoo]s, and the

“state of California, together with a nreliminary analysis

of over1aph1ng data needs; and, d1scussxon with a sample
of persons in government and business concerning the .
desirdability and feasibility of a coordinated data system

~in the San Ciego community. The problems which must be
faced are discussed in detail and include:” legal prohlems

of sharing information; systems requirements; and deter-
mination of the organization and scope of the system.

the 38th Annual Meeting, Amer1can Society of Photoorammctry,
Washington, 2. C.

ABSTRACT :

A digital information system for any organ1zau1on with -
property dispersed over-a 51qn1f1cant area requ1res a
gecgraphic tie. This implies a need for a map base and

the better the maps, the better the bas Howaver, a

system based on a rather poor set of maps can be amazing?y
effective provided a suitable geographic data. bhase or .
matrix is used and the files are properly conceived.
Traditionally, digital 1nformat1on svrtems are built in
sequential steps--first, the base system; then the’ addition
of plant inventory, land parcels, etc.; and finally the

“conversion of this data along with data from trad1t1ona1

files to digital form. Aside from the greater expense
and lost time, this sequential approach ignores one of

-, the prime capabilities of the system at a time when this -
_caﬁao111tj can be most useful.
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Holden A 196

Enq1neering 5011 Manp1ng from A1rphotos, Pnotogrammetr1a,'

23 (6)”185 ~"199.

ABSTRACT

_ABSTRACT

With t1e necess1ty of produc1ng trained staff in the. shortest
poss1b1e time, metnods ‘of ‘data storaqe have become vital.

‘I’ ‘Rhodesia-an 1ndex system, built uo from exper1ence,, .
was’ 7re0ared and ‘i's ‘available to ‘the- interpreter. ' By’
referring to-a simple form of card index system on wh1ch

“are vecordad s1m1lar geo]onlcal topoqraoh1ca1, climatical
and “drainage patterns, he can obtain the necessary informa-
‘tioh to-enable him to undertake :aivphotg evaluation:dof -an
‘area ‘even’- thoua1 he may never “have had prev1ous exper1ence
with the tvpe of country or: 0e01og/ An which h1s ass1qnment

“fall§. - Samples of ‘the -index card system-and an engineering
_5011, map. prepared us1ng the method out11ned are presented .

: 1971* Information Systems and Pub11c P1ann1ng 1anagement'
Sc1ence 17" (10‘ B~658 - B-5671.

The ‘research’ focus of the work 1s on 1nfornat1on SJStems

-as entities in- themse1ves and “as- comnonents of ‘a’larger
»systems des1gn ‘After ana1y21nq ‘the 3 d1screte1y défined

but operat1ona1]y Jolned concepts, 1nformat10n, system,} .
and the information system, 4 assumptions underlying’

“the' genera1 acceotance of ‘the 1nformat1on system-as a
‘management tool ‘are examined: - that moré information leads
to better plans or decisions; that more -and faster-moving

1nformat1on necessar11y enhances "eff1c1ency -of ‘operation;
that great “efficiency™ is identical ‘with bétter public

- service; and that information systems are best conceived,

designed, ‘and. controlled by "1nformat1on experts," whose

'ta]ents are movable and’ ubiquitous. - Information systems

~inpublic wc?fare, criminal Just1ce, .dnd Tand use are .
_rev1ewed as cases in' point. While there is 'no gainsaying

the fact’ that in each-area a body of organized information

i essential to systematic analysis and plann1ng, there
'ex1sts considerable confus1on between Guantity and qua11ty,

between the necessary and the busy:i’ “So far, there is a

‘lack of clarification not . only as to the proper constitution
_of the information system but: also about the qualifications

of the ”experts“ desagn1ng the Unfortunate as these

‘matters ‘are in raising the costs ‘and. 1ower1nq the benefits,
?they have ominous implications when viewed in the light of

the man-fronted encroachments by compdter1zed information

7*,5/stems on individuals' right te privacy.  The- data bank

* " and .the dossier may be rationalized'as medns to- efficiency,

but they cannot be reconciled with democratic process and

Jfrecdom from cradle to -grave surve1]1ance
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Horwood, E. M., 1967y State of the Art of P1ann1ng Information Systems;
Part of Thresho1ds of Planning Information Systems, Amer1can Soc1ety
of- Planning Officials, Chicaco, I1linois.

ABSTRALT: A definition of an urban and regional 1nf0rmat1on system
‘ is presented and six systems are identified and defined:
geocoding system; query system; automated number graphic
display system; plan test system; planning operations
system; and capital improvements and work scheduling
system.. Tha plenning fraternity is not vet capable of
developing information systems and the data base itself.
The special purpose information systems that are be1ng
developed- are not capable of addressing themselves to the
- acrosu-the-board requirements of the typical p]ann1nq
operation.

Kus1er “J. A., etal, 1975; Data !leeds and Data Gathering for Areas of
Critical Env1ronmenta1 Concern, Part I, II, & III; Institute for
Environmental Studies, University of W1sconsin, Madison, Wisconsin.
"ABSTRACT: - Results from a study addressing data needs and data gathering

" apnroaches for the definition and management of critical
environmental areas are presented. Part I includes the
study conclusions and recommendations; Part II includes -
selected papers from state resource manaoement prOgram
personne19 and Part IIT is an executive summary.

Labokatory for'Computer Graphics and Spat1a1 Analysis, 1270; Users Reference
"~ Manual for Synagraphic Computer Mapping "Symap'; Graduate School of
Désign, Harvard University, Cambridge, Massachusetts.

_ ABSTRACT A detailed aescr13t1on of Symap and its software is prespnted;

Land 'S D1rcctorate, Environment Canada, 1973; Canada Geograph1c Informat1on
~ System Overview; Information Canada, Ottawa, Canada.
ABSTRACT: A descr1pt1on of the Canadian Geograph1c Information Svstem
. . (CGIS) is presented along with a brief Kistory of its.
development. o :

Leyland, G., 1969; Cost-Benefit Analysis of Urban Information Systems; -
Papers from the 7th Annual Conference of the Urban and Regional Informa-
tion Systems Association, Kent State University, Kent, Ohio.

ABSTRACT: Some of the basic questions about the worth of an information
- ~ system in a community ave explored. Although the cost/

henefit analysis of information systems alternatives are

‘put into highly specific terms, many undocumented assumptions

. and subjective appraisals are hidden in the analysis. Even
so, the detailed quantitative analysis h1ah11ghts the most
important aspects of community information systems and
provides a framework in which to consider the system
alternatives.
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Lcckheed M1ss11es ana Space Co., 1965; California Statewide Information

. System. Study. . Final Report, Lockheed Missiles and Space Co R Junnyva1e,

- California. ,

ABSTRACT ¢ Present ‘and proposed 1nfo”nat1on hand]1ng act1v1t1es and _
requirements of the.State and Tocal governments.as related
to-the State were: analyzed. A preliminary concentual design
of a: statewide information system was developed to meet
these needs and a plan was preoared for the Heve]opment
and 1mp]ementat1on of such a system

v-Lundberg;;F.;J ]967 eran Informat1on SysLems and Nata Banks ‘Better
" Prospects w1t1 an. Environmental Model: In: Thresholds of Planning .

Infcrmation Systams, Amer1can Soc1ety of P1ann1ng 0ff1c1als, r‘h1<:auo,

[1linois (p 63~ 69). o : -

- ABSTRACT: * Many commun1t1°s have enthus1ast1ca]1y created an. 1nf0rmat1on

- system and data bank only to find that. 1nadequate information
fcr-p]anning purposes was produced, . The reasons for ‘the
failure of.these systems -are examined and a. model is
proposed-for almost all public and prlvate elements- = .
engag°d in: commun1ty 1mprovement s , : f*;'

Maercklein, L. A. 1968 The Deve1opm°nt of a Stat°w1de Maop1ng Proqram and
Projection- Gr1d System; Program Analysis Bureau, Planning n1v1s1on,
New York State. Deparument of Transportation,-Albany,. New. York. -
ABSTRACT: A discussion is-presented on the demands for.a coordinate
, system to meet the need for geogranh1c,contro] of data
when computer equipment is used. The unique problems
_ of New York State in establisning a statewide coordinate
_system are outlined and the new mapninq program which
utilizes th1s coord1naue system is described. '

McHarg, I L " 1969 Des1gn w1tn Nature The Natura] -H1story Press, Garden
City. New York.- ‘
-ABSTRACT: The recogn1t1on that man's 11fe is bound up with the forces
) " of nature, and that man must, therefore, work with nature :
. rather than attempt torconquer it, must be apnlied to every
aspect of -planning and handling of the environment. The
dastructive role of man and his thoughtless application
of modern technology are described and through extensive
concrete examples the new awareness of ecology is applied
to produce constructive environmental design. Emphasis
is placed on the necessity for human cooperation with
nature. Design must evolve from the potentialities and
the restrictive conditions nature- offers.

Meltz, S. J., 1971; Geonatural Resource Development; a Working Paper
Presenting Notions and Consideration Oriented toward Achieving Positive
Action Solutions to Environmental Problems; Georqgia Center for
Continuing Education, University of Geologia, Athens, Georgia.
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Meyérs, C. R.,
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A discussion is presented on certain ideas that can he
synthesized into a philosephical foundation from which
realistic and workable solutions .to environmental problems
can be formulated.  The ideas discussed focus upon the

~ concept of balance. This concept is oriented toward

establishing an equ111br1um between the needs of society.
and a quality environment for man.- The topics discussed
include: -the pract1ca1 aspects of the concept of balance;

meaningful communication; a practical meaning of the term
. environmental; the failure of traditional land-use planning

approaches; levels of planning decisions; environmental ‘
resource planning decision; requirements for-public affairs
decision making; and comprehensive environmental educat1on
proqrams

Jr.; Durfee, R. C.: and Tucker., 7. €., 1974 CohpuLéﬁ'

Augmentation of Soil Survey: Interoretation for Regicnal -Planning
Applications; ORNL-NSF- EP 67 ‘Oak Ridge Mau1ona1 Laboratory, Dak
Ridge, Tennessee.

ABSTRACT:

Interpreted 5011 data are a needed 1ngved1ent in all

levels of the planning process; however, with (1) the time
delay betwaen soil scientists' field work and published

soil maps and (2) the changing variety of soil interpre-
taticns needed by planners, much of the potential -usefulness
is lost. .A joint working agreement between the Oak Ridge
Mational Laboratory Reg.onal Environmental: Systems. Ana]ys1s

" Program, the Computer Sciences Division, and the State of

Tenﬂassee S0i1 Conservation Service has resulted in the
development of a computer 1nformat1on system which accepts
raw field data, thereby allowing soil interpretations

to be made and mapped guickly. Steps .to implement the
‘system include: {1) generaticn of computer-drawn field.
sheet grid overlays, (2) delineation of gridded soil
boundaries by soil scientists, (3) digitization of these
soil boundaries,. \4) production and °d1t1nq of quick-1o0k
soil maps, {5) computer generation of various scale soil
maps, and (6) soil interpretation and mapping. Utilizing-
such a system has allowed decisions to be made easily

‘concernirg definition of soil boundaries, soil 1nterpre~

tations, etc. These interpretation maps may .then be
integrated into the planning process by the regional
planner Implementation of this system has produced
solutions to many problems of both soil scientists and
p]annﬂrs, thus c]oslng thekgap between the two sciences.

Parker, J. L., 1971; Informablrr Retﬂeva1 w1th Larco Scala Geographic
Daua Basesy Departmnnt of Computer Science, hn1ver51ty of British
. Columbia, Vancouver, B. C., Canada. '

ABSTRACT:

There has been grOW1ng interest in dealing with large-
scale geographic data bases because of the growing capa-
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cities of computer systems and because of the inéféasinq .
interest in .environmental and social systems. The: nroblems
associated w1th these data bases from data acquisition-

'f-to simulators and information retrieval are outlined and

an overall approach to -the problem using polygons, point
data, and common coordinate systems 1sAdeve1oped A
method of grid independent data observation is explained.
A variety of specific prob1ems of file management and

-information handling which arise in large- sca]e information:

systems dependent on data of a two-dimensional structure,

.as opposed to data of a linear or h1erarch1ca1 structure

1s exp]ored

Robinsen, A. H., and_Rf D. Sale, 1969 Elements of Cartography, John w11ey
& Sons, Inc., New York, New York.

. .- ABSTRACT:

Shawn, R. B.,

. A Broad discussion of. the art and science of ‘cartography

and -the major cartegraphic e]ements, such as map compila-

- .tion, symbolizing.and processing data, map .projections,

and map reproduction are presented. In add1t1on, geo-.
graph1ca1 tab1es and map proaectTOn formu]as are 1nc1uded

1960, Macro. Design of Regiona] Information Systems, Papers

from the 6th Annual Conference of the Urban and Regional Information
Systems Association, Kent State University, Kent, Ohio.

~ ABSTRACT:

' Regional information systems are current]y oriented to a

single problem area (e.g., transportation). It's now -

‘necessary to build general regional systems. The first
. step is the development of a system "Macro Design." This
~ design is a careful determination of: information require~-

ments; information availability; best use of’ existina
systems, how to best supplement existing svstems with
new equ1nmmnt

She]top, R L., 1968; Air Photo Interpretat1on and Computer Craph1cs for
Land-Use and Natural Resources Inventory; Papers from the 34th Annua]
_ Meeting of the American Society of Photogrammetry, 198 - 204.

ABSTRACT

"For a state-wide land use and natural resources inventory,

a classification of 135 land and water uses was designed
apsropriate jointly to air photo interpretation techniques,

to computer analysis and display, and to a broad range of

needs for information for resource planning and management
A geograoh1c referencing system based on 1 km2 UTH grid-
cells. is used to locate information interpreted from
1:24,000 aer1a1 photographs -and mapped on topographic

map overlays The cells then serve as the basic unit for

computer graphic display utilizing standard line printers.

The techniques may be extended to even larger areas and to

various remote sensor operations.

7
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1966 A Program Approach to. Infermation Systems, Proceed1ngs

of the 4th Annua] ‘Conference of Urban Planning Information Systems
"and Proqrams, Un1vers1ty of Ca]wforn1a Berkeley, California.

ABSTQACT

- There is a need for an information system that will a11ow
puslic management to make better decisions. Information

. system specialists m1aht profit from working with management j

control systems. “devised by other disciplines. Information .
system specialists could make a great contribution by

-~ making these other systems operational. The planning,

programming, and budgeting system would he of great
usefulness to information system specialists by offering
a. framework to guide the co1]ect1on and c1ass1f1cat1on
of data. _ ,

Slnatra d. B R eta] 1973; A Land. C1ass1f1cat1on Method for Land Yse
P]ann1ng, Land Use Ana]ys1s Laboratory, Iowa State University, Ames,

- Towa.

ABSTRACT

A method of Tand class1f1cat1on is presented and 111ustrated
using the-Iowa Unper Mississippi Va]]ey region. 0perat1ona]

- definitions are g1ven ‘along with a review and discussion

of principal issues dea11ng with 1and class1f1cat1on ,

v-and spat1a1 data: hand11ng

Snow, C. P., 1955 Sc1ence ‘and Government Lecture g1ven at Harvard
- Un1vers1ty, Cambr1dge Massachusetts ‘

Te1tz , 19656; Land Use Data Co]]ectlon Systems Some Prob]ems of
Un1f1cat1on Papers of the Regional Science Association 17, Prila-

: delphia, Pennsylvania, University of Pennsy]van1a Reg1ona1 Science
Association.
Strategies that data collection agenc1es m1oht take and

ABSTRACT::
- .the variables relevant to their decisions are considered.

The requirements of a unified data collection system are

”v,out11ned and_ the cost implications are considered. To do.

this a formal analysis is employed which allows the.
isolation of those questions necessary to rat1ona1 dec1s1on
mak1ng about data and its ut111zat1on '

_Tennesse Va11ey Autnor1ty, 1974 Land Analys1s Systems, Presented to ‘the

Conferencé on the TVA Experience at the International Institute for
ﬂpp11ed Systems Analys1s, Schloss Luxenburg, Austria.

: Since its inception in 1933, the Tennessee Va]]ey Author1ty
(TVA) has maintained an 1nterd1sc1p11nary approach in.

:'”'resource planning and development. Today; modern system.

:‘ftechn1ques coupled with a rich legacy of historical data -

and. Valley-wide mapping systems, aid TVA:in land planning

" and development, land. management dec1s1on mak1nq, and

env1ronmenta1 1mpact assessment
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~ This paoer outlines Tand ana]ys1s systems be1nq used
and develoned by the Division of Forestry,. Fisheries, and

- Wildlife ”eve]opment 'These systems all use spat1a11y
f.10cated data and’ are descr1aed as follows: ‘

1.- The Va11Ay—w1de Forest and w1ldland Hon1tor1ng System
- functions as an "early warning” of potential conflicts
..between land dévelopment and' natura] systems. It
consists. of Jocational data for key facilities and
. ~important resources’and amen1t1es wh1ch shou]d be pre-
“_“served or approached w1th care. ) '

2.. The Forest Resource Analysis Systen enabIes the:
- characterization and modeTing of timber growth, forest

L 1ndustry opportun1t1es and eco1og1ca1 succe351on

3. The B1oterra1n Ana1ys1s System' maraqes 1arge geoqraph1ca1

‘<m»~data sets fOr Tand capab111ty analys1s and s1mu1at1on

74;‘gThe ‘Land- Managennnt Dec1s1on System is a dec1s1on-

- making process designed for use on 1arq land holdings
- where site-specific, intensive management is coordinated
'.w1th a varlety of resource output obJect1ves '

45;; The Reg1ona1 Natura] Systems submode1 pred1cts the impact
.of land. developm nt on,the natura].svstems of the -
"\_reg1on T R :

Land ana]ys1s systems of the future will enphas1ze

vana1yses that will alert the planner to prohable second

and third. order effects that might not otherwise be .
anticipated. Recent developments' in computer hardware
and software and -ncreasing systems awareness by natural

" .scientists:should” increase. the utilization of land analysis

“';~systems in the land ptanning, impact: assessment, and .
-jvmanagement dec1s1on mak1ng processes

' Tom11nson R. F. s 1967 An Introduct1on to the Geo Informat1on System of

the Canada Land: Inventory, Canada Department of Forestry and Rura1
Development Ottawa, Canada.

-~ ABSTRACT:

'The Canada Land Inventory Geographic’ Informat1on System
- has several new concépts and“techniquas. The over-riding

~ --consideration,. however, is the creation of a ‘data bank.
~containing ‘not only descriptive information, but ‘@ compact,

. useful. form of the related boundary 1nformat1on The

“system can-be of -inestimable value to-a’country such as

~_Canada in’ orov1d1ng a sound basis on which 'decisions on

planning and development of resources can be made particu-

. larly in the context of ragional rehabiiitation and project

planning. The system is basic to a geographical under=
standing of the country and has ‘application in any nation

where the developing economy is concerned with the natura1
resources.
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Voelker, A, H H and Meyers, C R , Jr. s 1972 Computer D1sp1ay in Spatial
,'Mode11ng, OR‘L NSF-EP-25, Oak- R1dge Nat1ona1 Laboratory, Oak Ridge,

_Tennessee.
ABSTRACT:

A d1scu551on is presented on- the ro1e of computer display

~in-a hierarchy of spatial data activities which range

from simple data transformat1ons to .sophisticated simu-

~ lation models. -Three - genera] sets of spatial data problems
‘are considered: (1) processing data for input to an ‘

application in.which the data are synthesized; generation
of maps, graphs,-and overlay plots; and (3) simulating

" 'model output, histograms, spatial plots, three-dimensional
- perspectives, etc. .The computer should not be used to.
‘duplicate trad1tiona1 cartogranhc maps; rather, computer
“display should be built around the strengths of computers:
. flexibility, speed, ‘and the dynam1c nature of man/mach1ne
“1nteract1ons : N _

Weller, B S., 1971 Parad1gms for the Uevelopment of Standardized Data’
‘ Bases, Presented at the Annual Conference of the Amsrican Institute.
of Planners, Octobar 24 - 28, San Francisco, California.

ABSTRACT:

The Wichita Fa11s Texas Mun1c1oa1 Information System _
Consortius recognized-that standards and standardization

‘procedures are intrinsic:to the conceptualization, design,
.. development, and 1mp1ementat1on of .an integrated municipal.

information system.. Consequently, standardization was

~ salected as one of the themes of the Conceptual1zat1on

Phase, and a gu1de11nes essay. was prepared on the topic.
This paper overviews and extends the essay as follows:

‘First, the suggested phases of data base development--

spec1f1cat1on ‘acquisition, processing, dissemination and
application of data elements, items and. formats--are

discussed. Second, the phasas are related on a pairwise

W1scnme1er, W. H. H

" basis to establish a data’ specification-to-data application,
_iterative, chain of events.. The sections on phases and
pairwise relationships are then used. to provide a frame-

work .for structuring several standards senst1ve data base

: - development: paradlgms

Smith, D. D. 1968 Ra1nfal] - Eros1on Losses from

Cropland Fast of the Rocky Hounta1ns Guide for Selection of Practices.
~ for Soil and Water oonservat1on' u.s. Government Printing Office,
" Washington, D. C.

. RBSTRACT:
T " guidelines to help select the soil and water control

The. s0i1- 1oss pred1ct1on procedure presented here prov1des

practfces best suited to the needs of each farm. The
technique combines all pertinent research information to

" provide design data for conservation-plans. The empirical

soil 1oss equation underlying this technique is apn]wcab]e

~in any 1ocat10n where numerical values of the equation's

factors are known or can be determ1ned
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~ Primer: Cr1t1ca1‘Areas‘and'Ihformation/bata
} and11ng, ‘January 1976. General introduction .

and overv1ew of th1s subject

Critical Areas: A Guidebook for State and Local

the derivation of critical areas: programs. from .
the American Law Institute (ALI) Model Land De-
velopment Code and the examples of ‘a humber of
States which have developed pregrams. It out-
Tines the basic elements of a critical areas
pregram and discusses the considerations and

‘some of the alternat1ves involved in each. In

this manner the State program manager, 1en1s1ator,
local official and. concerned public. are presantpd
an overview of all. the factors involved in sett1ng
ud and operating a. critical areas program, the se-
quence of steps in initrating and adopt1ng a criti-
cal areas program, and re]evant exper1ences of

other States.

Informat1on[Data'Handling: A Guidebook for Devel-
opment of State Programs, July 1975. This Guide-
book documents the elements of several information
systems, and reviews the state-of-the-art of in-
formation systems -that are now in the development
stage.

Introduction to Spatia1'1nformationvSystems,
April 1977. 1Information systems baSed on spatial
or geographic locations are emerging as a tool for

. State, regional, and local governments. Such sys-

tems store energy, environmental, land use, demo-
graphic, natural resource and cu]tura] feature in-

"formation. Introduction to Spatial Information

Systems provides a comnrehens1ve look at such sys-~
tems and the elements which comprise them. Part A
develops the definition and understanding of such
systems in a broad context; Part B enumerates and
describes the uses to which such a system may be

"~ puts Part C deécr1bes procedures that a govern-

ment might use to determine its sources, uses,

. and needs for spatial information and the capa-
bility to process it. The last three parts of the

book are somewhat more technical: Part D dis-
cusses the products spatial. information systems
generate; Part E deals with issues of data-
collecting, testing, updating, remote sensing,
etc.; Part F is a discussion of the synthesis of
data, hardware, money, software, personnel, and
1deas to produce a spatial information system.

: Availabi]ity-

Cut of print -

Institute of Rational Des1gn

- 220 Yest 42nd Street
. New York, New York 10036

Price: $5.00

:Updated version available

through the National Tech-
nical Information Service,

P.0.Box 1553, Spr1ngf1e1d,: |

VA 22151

“Urban Studies Centef

University of Louisville
Gardencourt

Alta Vista Road: o
Louisville, Ky. 40205

. Price: $5.00.
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Technical Series No. 43,

- Kennedy, August 1976,
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Methods and Techniques (Technical Report A),
July 1975. A technical analysis of the pro-.
cedures used in the development of State criti-
cal areas programs, including a description of.
the key elements, issues and participants, a
discussion of strategy considerations, and an
cutline of management tools.

Case Studies (Technical Regort B), Ju1y 1975."
Summary analysis of the development and key
elements of c¢ritical areas programs in F]or1da,

~Maine and Oregon.

Informatfnn/Data Hand1ing Requirements for

‘Selected State Resource Management Programs -

{Technical Report C), July 1975, A technical.
report analyzing characteristics of some im-.
portant programs, including critical areas pro-
grams, and the types and availability of data

and information needed for the effect1ve imple-

mentation of the programs.

Information Systems: Technica1 Description of
Software and Hardware (Technical Report D),
July 1975. A description and analysis of soft-
ware considerations anc special hardware and
related -processes for handling of spatial data,
and a compendium of options, methods, and
eauipment that are either available or in
piractice.

Issue Papers (Technical Report E), July 1975,

A series of discussions by ‘leading experts on
specific topics in the field. This format pro-

vides background on particular prob!ems, includ-

.ing. technical dxscuss1on and cpinion by the

authors.

Geographic Data Encoding Issues, K. J.
1975,

Dueker,

Avoiding System Failure: Approaches to In-
tegrity and Utility, Charles Guinn & Michael

. A discussion. of automated
spatial information systems and their develop-
ment by State governments is presented. It is
not, however, dedicated to lofty or state-of-the-
art considerations; rather it contains practical
advice, based on "real world" experience, on how

»Gu1debook
N.T.I.S.,

. Spr1an1e1d VA 22151

- Springfield, VA 22151

N.T.I.S., P.0.Box 1553

Out of print; materials contained
in. this report .are included in
the rewritten cr1t1ca1 areas

P.0.Box. 1553 -
Order Number: PB 263 603 AF

Price:  $5.50 (paper) - .
$3 00 (m1crof1che)

N.T.I.S., P. ,0.Box 1553

N.T.I.S., P.0.Box 1553
Soringfield, VA 22151 o
Order Number: PB 263 804 AF
Price: $6.75 (paper) '
B _$3 00 (microfiche)

Springfield, VA 22151

Inst. of Urban & Regional Research

N246 OH, Oakdale Campus
University of Iowa

Iowa City, IA 52242
Price: $.50 -

Urban Stud1es Center
University of Lou1sv111e
Gardencourt

Alta Vista Road
Louisville, KY 40205
Price: $3.00
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To keep such systems from resulting in failure.
Avoiding System Failure: -Approaches to Integrity

and Utility deals with the financial, technical,
political, and legal considerations during the
stages of conception, design, construction, and
operation. A must for anyone involved in the
arduous task of developing a computerized geo--
graphic information system on almost any scale.

State Land Use Planning Process Issues:. Geo-

“graphic Information Systems Implications, K. J.

Dueker & R. Talcott, Technical Services No. 94,
November 1975. .

"Geographic Data Structures: Alternatives for
Geographic Information Systems," K. Dueker,
July 1976. In: Computer Graphics Proceedings
of the Third Annual Conference on Computer -
Graphics, Interactive Techniques and Image Pro-
cessing--SIGGRAPH '76 (vol. 10, No. 2).

Natural Resource Management Information Systems:
A Guide to Design, John F. Tschanz & Alan S.

Kennedy, January 1976. Spatial information/dada
hand1ling can be perceived to have a diversity of

- requirements, while at the same time have common

structural characteristics. This Guidebook out-

Tines the general structure of a resource manage-
mant information system and a process for design-
ing such a system.
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Inst. of Urban & Regional Research

. Address same as above,

Price: $1.00

Association for Computing
Machinery, Inc., P.0.Box 12105
Church Street Station

New York, NY 10249

Energy and Environmental Systems
Division, Argonne National Lab.
Argonne, IL 60439

Price: Free



- | . I N S I .

l, lw |

l_

DATE DUE

TR

; \X\l‘w"ﬁ\s

§

3

n T
PR

y

Tolale

ke |

4

4 .




